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(57) Abstract 

The present invention is directed to certain piperidine, pyrrolidine, and 
hexahydro-lH-azepine compounds of general structural formula (I) wherein Ri, 
Ra, R4, R5. A, W, X, Y, and n are as defined herein. These compounds promote 
the release of growdi hormone in humans and animals. This property can be 
utilized to promote the growth of food animals to render the production of 
edible meat products more efficient, and in humans, to treat physiological or 
medical conditions characterized by a deficiency in growth hormone secretion, 
such as short stature in growth hormone deficient children, and to treat medical 
conditions which are improved by the anabolic effects of growth hormone. 
Growth hormone releasing compositions containing such compounds as the 
active ingredient thereof are also disclosed. 
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TITLE OF THE INfVENTION 

PIPERIDINES, PYRROLIDINES AND HEXAHYDRO-IH- 
AZEPINES PROMOTE RELEASE OF GROWTH HORMONE 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of copending 
application Serial No, 08/323,994, filed October 17, 1994, which is a 
continuation-in-part of copending application Serial No. 08/149,441, 
filed November 9, 1993; a continuation-in-part of copending 

1° appUcation Serial No. 08/323,998, filed October 17, 1994, which is a 
continuation-in-part of copending application Serial No. 08/165,149, 
filed December 10, 1993; and a continuation-in-part of copending 
application Serial No. 08/323,988, filed October 17, 1994, which is a 
continuation-in-part of copending application Serial No. 08/173,449, 

^5 filed December 23, 1993. 

BACKGROUND OF THE INVENTION 

Growth hormone, which is secreted from the pituitary, 
stimulates growth of all tissues of the body that are capable of growing. 
In addition, growth hormone is known to have the following basic effects 
on the metabolic processes of the body: (1) Increased rate of protein 
synthesis in all cells of the body; (2) Decreased rate of carbohydrate 
utilization in cells of the body; (3) Increased mobilization of free fatty 
acids and use of fatty acids for energy. A deficiency in growth hormone 
secretion can result in various medical disorders, such as dwarfism. 

Various ways are known to release growth hormone. For 
example, chemicals such as arginine, L-3,4-dihydroxyphenylalanine 
(L-DOPA), glucagon, vasopressin, and insulin induced hypoglycemia, 
as well as activities such as sleep and exercise, indirectly cause growth 
^ ° hormone to be released from the pimitary by acting in some fashion 
on the hypothalamus perhaps either to decrease somatostatin secretion 
or to increase the secretion of the known secretagogue growth 
hormone releasing factor (GRF) or an unknown endogenous growth 
hormone-releasing hormone or all of these. 
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In cases where increased levels of growth hormone were 
desired, the problem was generally solved by providing exogenous 
growth hormone or by administering GRF or a peptidal compound 
which stimulated growth honnone production and/or release. In either 
case the peptidyl nature of the compound necessitated that it be 
administered by injection. Initially the source of growth hormone was 
the extraction of the pituitary glands of cadavers. This resulted in a 
very expensive product and carried with it the risk that a disease 
associated with the source of the pituitary gland could be transmitted 
to the recipient of the growth hormone. Recombinant growth 
hormone has become available which, while no longer carrying any 
risk of disease transmission, is still a very expensive product which 
must be given by injection or by a nasal spray. 

Other compounds have been developed which stimulate 
the release of endogenous growth honnone such as analogous peptidyl 
compounds related to GRF or the peptides of U.S. Patent 4,41 1,890. 
These peptides, while considerably smaller than growth hormones are 
still susceptible to various proteases. As with most peptides, their 
potential for oral bioavailabiUty is low. Non peptidal growth hormone 
secretagogues with a benzolactam structure are disclosed in U.S. 
Patents 5.206.235, 5.283,241. 5.284.841, 5,310,737 and 5,317,017. 
The instant compounds are low molecular weight peptide analogs for 
promoting the release of growth hormone which have good stability in 
a variety of physiological environments and which may be 
administered parenterally. nasally or by the oral route. 

SUMMARY OF THE INVENTinN 

The instant invention is directed to certain piperidine. 
pyrrolidine, and hexahydro-lH-azepine compounds which have the 
ability to stimulate the release of natural or endogenous growth 
hormone. The compounds thus have the ability to be used to treat 
conditions which require the stimulation of growth hormone 
production or secretion such as in humans with a deficiency of natural 
growth hormone or in animals used for food production where the 
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stimulation of growth homione will result in a larger, more productive 
animal. Thus, it is an object of the instant invention to describe the 
piperidine, pyrrolidine, and hexahydro-lH-azepine compounds. It is a 
further object of this invention to describe procedures for the 
preparation of such compounds. A still further object is to describe 
the use of such compounds to increase the secretion of growth 
hormone in humans and animals. A still further object of this 
invention is to describe compositions containing the piperidine, 
pyrrolidine, and hexahydro-lH-azepine compounds for the use of 
treating humans and animals so as to increase the level of growth 
hormone secretions. Further objects will become apparent from a 
reading of the following description. 

DESCRIPTION OF THE TNVRNmON 

The novel piperidine, pyrrolidine, and hexahydro-lH- 
azepine compounds of the instant invention are best described in the 
following structural formula I: 



Ci-ClO alkyl, aryl, aryl(Ci-C6 alkyl), (C3-C7 cycloalkyl)(Ci-C6 alkyl)- 
0 (C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aryI(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, 
and (C3-C7 cycloalkyl)(C0-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
S(0)m, N(R2)C(0), C(0)N(R2), 0C(0), C(0)0, -CR2=CR2-, or -OC-. 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzimidazolyl. and 
R2 and alkyl may be further substituted by 1 to 9 halogen, S(0)mR2a. 1 
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to 3 of OR2a or C(0)OR2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl. 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2. 1 to2 of -CF3. -OCF3, nitro. -N(R2)C(0)(R2), -C(0)OR2, 
-C(0)N(R2)(R2), -lH-tettazol-5-yl, -S02N(R2)(R2). -N(R2)S02 phenyl. 
or-N(R2)S02R2; 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionally joined to form a C3-C8 cyclic ring, optionally including 
oxygen, sulfur or NR3a; 

R2a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

R3 is selected from: hydrogen. -(CH2)rphenyl, -(CH2)rnaphthyl. -Ci-Cio 
alkyl, -C3-C7 cycloalkyl, where the phenyl, naphthyl and C3-C7 
cycloalkyl rings may be substituted by 1 to 3 substituents selected from 
the group consisting of: C1-C6 alkyl, halogen, -OR2 -NHSO2CF3 
-(CH2)rOR6. -(CH2)rN(R2)(R6). -(CH2)r (Re), -(CH2)rC(0)OR2, ' 
-(CH2)rC(0)OR6, -(CH2)rOC(0)R2, -(CH2)rOC(0)R6 
-(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2), 
-(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6. 
-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6. -(CH2)rN(R2)C(0)OR2 - 
(CH2)rN(R2)C(0)OR6. -(CH2)rN(R6)C(0)OR2, 
-(CH2)rN(R6)C(0)OR6..(CH2)rN(R2)C(0)N(R2)(R6). 
-(CH2)rN(R2)C(0)N(R2)(R2).-(CH2)rN(R6)C(0)N(R2)(R6), 
(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2. -(CH2)rN(R6)S02R2 
CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6). 
-(CH2)rOC(0)N(R2)(R2). -(CH2)rS02N(R2)(R6), 

-(CH2)rS02N(R2)(R2).(CH2)rS02NHC(0)R6,-fCH2)rS02NHC(0)Ro 
-(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR7 
-(CH2)rC(0)NHC(0)NR2, -(CH2)rC(0)NHC(0)NR6 
-fCH2)rC(0)NHC(0)R2 . -(CH2)rCONHCfO)R6 
-(CH2)rCONHS02R6,-(CH2)rCONHS02R2 
-(CH2)rCONHS02N(R2)R2).-(CH2)rCONHSOoN(Ro)R6). 
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.(CH2)rN(R2)S02N(R2)R6).-(CH2)rN(R6)S02N(R2)R6), 
-(CH2)rS(0)mR6, and -(CH2)rS(0)niR2; 

^ R3a is hydrogen, or C] -C6 alkyl optionally substituted by hydroxyl; 

W is selected from the group consisting of: hydrogen, 
-CN, -C(0)0R8, -C(0)0R2, -C(0)0(CH2)laryl, -C(0)N(R2)(R2); 
-C(0)N(R2)(R8), -C(0)N(R2)(CH2)1 aryl, -CH2N(R2)C(0)R8 
-CH2N(R2)C(0)(CH2)laryl, -(CH2)rOR2. -CH(OH)R2. 
1° -CH(0H)(CH2)iaryl, -C(0)R2, -C(0)(CH2)l aryl, lH-tetrazol-5-yl, 
5-amino-l, 2, 4-oxadiazol-3-yl, and 5-methyl-l, 2, 4-oxadiazol-3-yl, 
where Rg is hydrogen, Cl-C6 alkyl, or Ci-C6 alkyl substituted by 
OR2, C(0)0R2, CON(R2)(R2), N(R2)C(0)R2, 
N(R2)C(0)N(R2)(R2), and aryl is phenyl, pyridyl, or lH-tetrazol-5- 

yi; 

X is selected from the group consisting of: hydrogen, -CsN, 
-(CH2)qN(R2)C(0)R2, -(CH2)qN(R2)C(0)fCH2)taryl, 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2, ' 
20 -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, -(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2),-(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2. -(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2. 
-(CH2)qCX:(0)R2. -(CH2)qOC(0)(CH2)taryl, 

-(CH2)qOC(0)N(R2)(CH2)taryl,.(CH2)qOC(0)N(R2)(R2), 
" -(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryl, 

-(CH2)qN(R2)C(0)OR2, -(CH2)qN(R2)S02N(R2)(R2). 
-(CH2)qS(0)mR2, and -(CH2)qS(0)in(CH2)taryl, where an R2, (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, C0NH2. S(0)mCH3, 
^° carboxylate C l -€4 alkyl esters, or 1 H-tetrazol-S-yl. and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substituted by 1 to 3 halogen, 1 to 3 -6r2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or IH-teurazol-S-yl; 
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Y is selected from the group consisting of: 
hydrogen, Cl-ClO alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl). -(CH2)q-K-(Ci-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m. C(0)NR2, CH=CH, C=C, N(R2)C(0). C(0)NR2, C(0)0, 
or 0C(0). and where the alkyl. R2, (CH2)q and (CH2)t groups may be 
optionally substitoted by C1-C4 alkyl, hydroxy], C1-C4 lower alkoxy, 
carboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aiyl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, unidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinoUnyl, pyrrazinyl, or isothiazolyl which is optionally substituted by 1 
to 3 halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), nitro. cyano, 
benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 
with the proviso that at least one of R3, W, X, and Y are other than 
hydrogen; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted Ci- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Cl-Cio alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2- 
fiiryl, C1-C6 alkoxycarbonyl, S(0)m(Cl-C6 alkyl); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, 0, 
S(0)m or N(R2), d and e are independently 1 to 3 and R2 is as defined 



above; 



A is: 




or 




where x and y are independently 0, 1, 2 or 3; 



Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 
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R6 is hydrogen, C1-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2. 
lH-tetrazol-5-yl, C(0)0R2. C(0)N(R2)(R2) or S02N(R2)(R2). 
N(R2)C(0)N(R2)(R2),and wherein aryl is phenyl, pyridyl. IH-tetrazol- 
5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, imidazolone- 
1-yl, benzimidazol-2-yl, triazolinone-yl optionally substituted with Cj- 
C6 alkyl, C3-C6 cycloalkyl, amino, or hydroxyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Cl-C6 alkyl). 
C3-C7 cycloalkyl, N(R2)(R2). C(0)N(R2)(R2); or R7 and R7a can 
independently be jomed to one or both of R4 and R5 groups to form 
alkylene bridges between the terminal nitrogen and the alkyl portion of 
the R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms; 
or R7 and R7a can be joined to one another to form a C3-C7 cycloalkyl; 

lisO, 1 or 2; 
m is 0, 1, or 2; 
n is 1, 2, or 3; 
qisO, 1, 2, 3, or 4; 
r is 0, 1, 2, or 3; 
tisO, 1,2, or 3; 
visO, 1, or2 ; 

and pharmaceutically acceptable salts and mdividual diastereomers 
thereof. 

When n is 1, a pyrrolidine ring is formed, when n is 2 a 
piperidine ring is formed and when n is 3 the ring is designated as a 
hexahydro- 1 H-azepine . 

In the above structural formula and throughout the instant 
specification, the following terms have the indicated meanings: 

The alkyl groups specified above are intended to include 
those alkyl groups of the designated length in either a sttaight or 
branched configuration which may optionally contain double or triple 
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bonds. Exemplary of such alkyl groups are methyl (Me), ethyl (Et), 
propyl (Pr), isopropyl (i-Pr), butyl (Bu), sec-butyl (s-Bu), tertiary 
butyl (t-Bu), pentyl, isopentyl, hexyl, isohexyl, allyl, propinyl, 
butadienyl, hexenyl and the like. 

The alkoxy groups specified above are intended to 
include those alkoxy groups of the designated length in either a 
straight or branched configuration which may optionally contain 
double or triple bonds. Exemplary of such alkoxy groups are 
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tertiary 
butoxy, pentoxy, isopentoxy, hexoxy, isohexoxy, allyloxy, 
propinyloxy, isobutenyloxy, hexenyloxy and the like. 

The term "halogen" is intended to include the halogen 
atom fluorine, chlorine, bromine and iodine. 

The term "aryl" within the present invention, unless 
otherwise specified, is mtended to include aromatic rings, such as 
carbocyclic and heterocyclic aromatic rings selected the group consisting 
of: phenyl, naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, imidazolyl, 
indolyl, pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, 
thiopheneyl, quinoHnyl, pyrrazinyl, or isothiazolyl, which may be 
optionally substituted by 1 to 3 of Ci-C6 alkyl, 1 to 3 of halogen, 1 to2 
of -0R2, methylenedioxy, -S(0)mR2, 1 to 2 of -CF3, -OCF3, nitro, 
-N(R2)C(0)(R2), -C(0)0R2. -C(0)N(R2)(r2), -iH-tetrazol-S-yl 
-S02N(R2)(R2), -N(R2)S02 phenyl, or -N(R2)S02R2, wherein r2 is as 
defined herein. 

Certain of the above defined terms may occur more than 
once in the above formula or definitions and upon such occurrence, 
each term shall be defined independently of the other. 
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A first embodiment of the present invention is directed to 
the compounds of the structural formula AI: 

H H O R, 

I, I II ,"4 

Ri— p-N-C-A-N 
C=0 Rs 

(CH^W 
R3 Y 



Formula AI 

wherein: 

Rl is selected from the group consisting of: 

Cl-Cio alkyl, aryl, aryl(Ci-C6 alkyl), (C3-C7 cycloalkyl)(Ci-C6 alkyl)-, 
15 (C1-C5 alkyl>K-(Ci-C5 alkyl)-, aryl(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, 
and (C3-C7 cycloalkyl)(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
S(0)in, N(R2)C(0), C(0)N(R2). 0C(0), C(0)0, -CR2=CR2-, or -OC-, 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzimidazolyl, and 
20 R2 and alkyl may be further substimted by 1 to 9 halogen, S(0)mR2a, 1 
to 3 of OR2a or C(0)0R2a. and aryl may be further substimted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2, 1 to 2 of -CF3, -OCF3, nitro, -N(R2)C(0)(R2), -C(0)0R2, 
-C(0)N(R2)(R2). -lH-tetrazol-5-yl, -S02N(R2)(R2), -N(R2)S02 phenyl. 
25 or-N(R2)S02R2: 



R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionally joined to form a C3-C8 cyclic ring, optionally including 
3 0 oxygen, sulfur or NR3a; 

R2a is hydrogen, or C1-C6 alkyl optionally substimted by hydroxyl; 

R3 is selected from: hydrogen, -(CH2)rphenyl, -(CH2)rnaphthyl. -Cj-Cio 
alkyl, -C3-C7 cycloalkyl, where the phenyl, naphthyl and C3-C7 
cycloalkyl rings may be substituted by 1 to 3 substiments selected from 
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the group consisting of: C1-C6 alkyl, halogen, -OR2, -NHSO2CF3, 
-(CH2)rOR6. -(CH2)rN(R2)(R6). -(CH2)r (Re). -(CH2)rC(0)OR2, 
-(CH2)rC(0)OR6, -(CH2)rOC(0)R2. -(CH2)rOC(0)R6. 
-(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2), 
-(CH2)rC(0)N(R2)(R6), -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 
-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2.-: 
(CH2)rN(R2)C(0)OR6, -(CH2)rN(R6)C(0)OR2, 
-(CH2)rN(R6)C(0)OR6,-(CH2)rN(R2)C(0)N(R2)(R6). 
-(CH2)rN(R2)C(0)N(R2)(R2),-(CH2)rN(R6)C(0)N(R2)(R6), 
(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2 
CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 
-(CH2)rOC(0)N(R2)(R2), -(CH2)rS02N(R2)(R6), 

-(CH2)rS02N(R2)(R2).(CH2)rS02NHC(0)R6,-(CH2)rS02NHC(0)R2 
-(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR2, 

-(CH2)rC(0)NHC(0)NR2,-(CH2)rC(0)NHC(0)NR6 
-(CH2)rC(0)NHC(0)R2 , -(CH2)rCONHC(0)R6 

-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, 
.(CH2)rCONHS02N(R2)R2), -(CH2)rCONHS02N(R2)R6), 
-(CH2)rN(R2)S02N(R2)R6),-(CH2)rN(R6)S02N(R2)R6), 
-(CH2)rS(0)mR6. and -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

W is selected from the group consisting of: 
-CN, -C(0)0R8, -C(0)0R2, -C(0)0(CH2)iaryl, -C(0)N(R2)(R2); 
.-C(0)N(R2)(R8), -C(0)N(R2)(CH2)1 aryl, -CH2N(R2)C(0)R8 
-CH2N(R2)C(0)(CH2)iaryl, -(CH2)rOR2, -CH(0H)R2, 
-CH(0H)(CH2)laryl, -C(0)R2, -C(0)(CH2)l aryl. lH-tetrazol-5-yl, 
5-amino-l, 2, 4-oxadiazol-3-yl. and 5-metiiyl-l, 2, 4-oxadiazol-3-yl, 
where Rg is hydrogen, C 1 -C6 alkyl, or C i -C6 alkyl substituted by ' 
OR2, C(0)0R2, CON(R2)(R2), N(R2)C(0)R2, 
N(R2)C(0)N(R2)(R2). and aiyl is phenyl, pyridyl, or IH-tetrazol-S- 

yi; 
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X is selected from: hydrogen, -C=N, -(CH2)qN(R2)C(0)R2. 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)qN(R2)S02(CH2)taryl 
-(CH2)qN(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl. ' 
-(CH2)qN(R2)C(0)N(R2)(R2),-(CH2)qC(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(CH2)taryl.-(CH2)qC(0)OR2, 
-(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, -(CH2)qOC(0)R2. 
-(CH2)qOC(0)(CH2)taryl,-(CH2)qOC(0)N(R2)(CH2)taryl, 
-(CH2)qOC(0)N(R2)(R2). -(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryI, 
-(CH2)qN(R2)C(0)OR2,-(CH2)qN(R2)S02N(R2)(R2). 
-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl. where an R2. (CH2)q 
and (CH2)t group may be optionally substimted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)mCH3, 
carboxylate C1-C4 alkyl esters, or lH-tetrazol-5-yl, and aiyl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substituted by 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1.C4 alkyl, -S(0)mR2, or IH-tetrazol-S-yl; 

Y is selected from: hydrogen, Ci-Cio alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K.(Cl-C6 alkyl). 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m. C(0)NR2. CH=CH, C^, N(R2)C(0). C(0)NR2. C(0)0, 
or 0C(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
carboxyl. -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphtiiyl, pyridyl, l-H-tetrazol-5-yl. tiiiazolyl, imidazolyl, indolyl, 
pyrimidinyl, diiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrrazinyl, or isotiiiazolyl which is optionally substimted by 1 
to 3 halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), nitro, cyano, 
benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 

R4 and R5 are independentiy hydrogen, C1-C6 alkyl, substituted C\- 
Ce alkyl where tiie substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Cl-ClO alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy. 2- 
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furyl, C1-C6 alkoxycarbonyl, S(0)m(Ci-C6 alkyl); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, O. 
S(0)m or N(R2), d and e are mdependently 1 to 3 and R2 is as defined 
above; 



where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 

R6 is hydrogen, C1-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2, 
lH-tetrazol-5-yl, C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2),and wherein aryl is phenyl, pyridyl, IH-tetrazol- 
5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, imidazolone- 
1-yl, ben2iniidazol-2-yl, triazolinone-yl optionally substituted with Cl- 
C6 alkyl, C3-C6 cycloalkyl, amino, or hydioxyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Ci-C6 alkyl). 
C3-C7 cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R? and Rva can 
independently be joined to one or both of R4 and R5 groups to form 
alkylene bridges between the terminal nitrogen and the aUcyl portion of 
the R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms: 
or R7 and R7a can be joined to one another to form a C3-C7 cycloalkyl: 

1 is 0, 1 or 2; 
mis 0, 1, or 2; 



A is: 




or 




wo 95/13069 



PCT/US94/12816 



-13- 



10 



15 



20 



25 



nisi, 2, or 3; 
q is 0, 1, 2, 3, or 4; 
ris 0, 1,2, or 3; 
t is 0, 1,2, or 3; 
V is 0, 1, or 2 ; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

Preferred compounds within this first embodiment include 
those of Formula Ala: 



wherein: 

Rl is selected from the group consisting of: 

Cl-ClO alkyl, aryl (C1-C4 alkyl)-, C3-C6 cycloalkyl (C1-C4 alkyl)-, 
(C1-C4 alkyl)-K-(Cl-C2 alkyl)-, aryl (C0-C2 alkyl)-K-(Cl-C2 alkyl)-, 
and (C3-C7 cycloalkyl)(Co-C2 alkyl)-K-(Cl-C2 alkyl)-, where K is O, 
S(0)m, OC(0), C(0)0 and the alkyl groups may be further substimted 
by 1 to 7 halogen, S(0)mR2, 1 to 3 OR2 or C(0)0R2 and aryl is phenyl, 
naphthyl, indolyl, pyridyl, benzothienyl, or benzofuranyl which may be 
further substimted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 OR2, 
S(0)mR2orC(0)OR2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C4-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 
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R3 is hydrogen or phenyl optionally substituted in the ortho position by a 
C1-C6 alkyl group. -NHSO2CF3, -(CH2)r (lH-tetrazol-5-yl), 
-(CH2)rC(0)OR2, (CH2)rC(0)N(R2)(R6); 

^ R3a is hydrogen, or C1-C4 alkyl; 

W is -CN, -C(0)0R2, -C(0)N(R2)(R2), -C(0)N(R2)(CH2)1 phenyl, 
lH-tetrazol-5-yl, or -(CH2)rOR2; 

^° X is hydrogen, -(CH2)qC(0)N(R2)(R6). or -(CH2)qC(0)bR2; 

Y is hydrogen, Cl-Cg alkyl, -(CH2)t phenyl, -(CH2)t pyridyl, or 
-(CH2)tthiazolyl; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, or substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxyl, 
S(0)m (C1-C6 alkyl) or phenyl; 

R6 is hydrogen, or C1-C6 alkyl; 

20 

A is: 

25 R7a 

where X is 0, or 1; 

R7 and R7a are independently hydrogen C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Ci-C6 alkyl), 
C5-C7 cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and R7a can 
independently be joined to one of R4 or R5 to form aUcylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and R7a can be joined to one 
another to form a C3 cycloalkyl; 



wo 95/13069 



PCTAJS94/12816 



-15- 

lisOorl; 
nis 2; 

misO, l,or2; 
^ r is 0,1, 2 or 3; 
q is 0 or 1 
tisOor 1; 

and pharmaceutically acceptable salts and individual diasteieomers 
thereof. 

10 

More preferred compounds within this first embodiment 
include those of Formula Alb: 

H H O 

15 Ri— |-N-C-A-N 

C=0 Rs 

20 R3 

Formula Alb 

wherein: 

Rl is selected from the group consisting of: Cl-Cio alkyl, 
25 aryl (C1-C3 alkyl)-, and aryl (Cq-Ci alkyl)-K-(Ci-C2 alkyl)-, where K is 
O or S(0)m and the aryl is phenyl, pyridyl, naphthyl, or indolyl which 
are optionally substituted by 1-2 C1-C4 alkyl. 1 to 2 halogen, 1 to 2 OR2, 
S(0)m R2 or C(0)0R2; 

3Q R2 is hydrogen, C1-C6 alkyl. or C3-C7 cycloalkyl and where two C 1 -C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is hydrogen or phenyl optionally substituted in the ortho position by a 
C1-C3 alkyl group, (CH2)r(lH-tetrazol-5-yl) or (CH2)rC(0)OR2; 
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R3a is hydrogen, or C1-C4 alkyl; 

W is -CN. -C(0)0R2, or -C(0)N(R2)R2); 

5 

X is hydrogen or C(0)OR2; 

Y is hydrogen, benzyl, picoyl, or thiazolylmethyl; 

1° R4 and R5 are independently hydrogen, C1-C3 alkyl, substituted Cl -C3 
alkyl where the substituents may be 1 to 2 hydroxyl; 

A is 

15 ^7 

(CH2)x-C- 

where x is 0, or 1; 

20 

R7 and R7a are independently hydrogen or C1-C4 alkyl; 

mis 0, 1, or 2; 
r is 0,1, or 2; 

25 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

The most preferred growth hormone releasing 
3 0 compounds within this first embodiment include the followins: 
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10 

and pharmaceuticaUy acceptable salts and individual diastereomers 
thereof. 

A second embodiment of the present invention is directed 
15 to the compounds of the structural formula BI: 

H H O R. 
Ri— f^N-C-A-N 
G=0 Rs 



Formula BI 

25 wherein: 

Rl is selected from the group consisting of: 

Ci-ClO alkyl, aryl, aryl(Cl-C6 alkyl), (C3-C7 cycloalkyl)(Cl-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 aUcyl)-, aryl(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, 
and (C3-C7 cycloal]cyl)(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
30 S(0)m, N(R2)C(0), C(0)N(R2), 0C(0). C(0)0, -CR2=CR2-, or -CsC-, 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzimidazolyl, and 
R2 and alkyl may be further substimted by 1 to 9 halogen, S(0)mR2a, 1 
to 3 of 0R2a or C(0)0R2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
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-S(0)mR2, 1 to 2 of -CF3. -OCF3, nitre, -N(R2)C(0)(R2), -C(0)0R2, 
-C(0)N(R2)(R2), -lH-tetrazol-5-yl, -S02N(R2)(R2), -N(R2)S02 phenyl, 
or -N(R2)S02R2; 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionally joined to form a C3-C8 cyclic ring, optionally including 
oxygen, sulfur or NR3a, where R3a is hydrogen, or C1-C6 alkyl, 
optionally substituted by hydroxyl; 

R2a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

R3 is selected from: -(CH2)rphenyl, -(CH2)rnaphthyl, -Ci-Cio alkyl, 
-C3-C7 cycloalkyl, and the phenyl, naphthyl and C3-C7 cycloalkyl rings 
may be substituted by 1 to 3 substituents selected from the group 
consisting of: C1-C6 alkyl, halogen, -OR2, -NHSO2CF3, -(CH2)rOR6, 
-(CH2)rN(R2)(R6), -(CH2)r (Re), -(CH2)rC(0)OR2, -(CH2)rC(0)OR6, 
-(CH2)rOC(0)R2, -(CH2)rOC(0)R6, -(CH2)rC(0)R2, -(CH2)rC(0)R6, 
-(CH2)rC(0)N(R2)(R2). -(CH2)rC(0)N(R2)(R6), -(CH2)rN(R2)C(0)R2 
-(CH2)rN(R2)C(0)R6, -(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, 
-(CH2)rN(R2)C(0)OR2,-(CH2)rN(R2)C(0)OR6. 
-(CH2)rN(R6)C(0)OR2, -(CH2)rN(R6)C(0)OR6. 
-(CH2)rN(R2)C(0)N(R2)(R6), -(CH2)rN(R2)C(b)N(R2)(R2), 
-(CH2)rN(R6)C(0)N(R2)(R6),(CH2)rN(R2)S02R6, 
-(CH2)rN(R2)S02R2. -(CH2)rN(R6)S02R2, CH2)rN(R6)S02R6, 
-(CH2)rOC(0)N(R2)(R6). -(CH2)rOC(0)N(R2)(R2). 
-(CH2)rS02N(R2)(R6),-(CH2)rS02N(R2)(R2).(CH2)rS02NHC(0)R6, 
-(CH2)rS02NHC(0)R2, -(CH2)rS02NHC(0)OR6, 
-(CH2)rS02NHC(0)OR2, -(CH2)rC(0)NHC(0)NR2, 
-(CH2)rC(0)NHC(0)NR6, -(CH2)rC(0)NHC(0)R2 , 
-(CH2)rCONHC(0)R6, -(CH2)rCONHS02R6,-(CH2)rCONHS02R2, 
-(CH2)rCONHS02N(R2)R2), -(CH2)rCONHS02N(R2)R6), 
-(CH2)rN(R2)S02N(R2)R6), -(CH2)rN(R6)S02N(R2)R6), 
-(CH2)rS(0)mR6. and -(CH2)rS(0)mR2; 
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R3a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

X is selected from: hydrogen, -CsN, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)qN(R2)S02(CH2)taryl, 
-(CH2)qN(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 

-(CH2)qN(R2)C(0)N(R2)(R2),-(CH2)qC(0)N(R2)(R2). 
-(CH2)qC(0)N(R2)(CH2)taryl, -(CH2)qC(0)OR2. 
-(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl,-(CH2)qOC(0)N(R2)(CH2)taryl, 
-(CH2)qOC(0)N(R2)(R2), -(CH2)qC(0)R2. -(CH2)qC(0)(CH2)taiyl. 

-(CH2)qN(R2)C(0)OR2.-(CH2)qN(R2)S02N(R2)(R2). 
-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl, where an R2. (CH2)q 
and (CH2)t group may be optionally substitoted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)niCH3. 
carboxylate C1-C4 alkyl esters, or lH-tetrazol-5-yl, and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substituted by 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 

Y is selected from: hydrogen, Cl-Cio alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl). -(CH2)q-K-(Cl-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m, C(0)NR2, CH=CH, OC, N(R2)C(0), C(0)NR2, C(0)0, 
or 0C(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
carboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, imidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrrazinyl, or isothiazolyl which is optionally substimted by 1 
to 3 halogen, 1 to 3 -OR2, 1 to 2 -N(R2)(R2).-C(0)OR2, 
-C(0)N(R2)(R2), nitro, -NHC(0)R2,cyano, benzyl, 1 to 3 C1-C4 alkyl, 
-S(0)mR2, or lH-tetrazol-5-yl; 
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R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Cl-ClO alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2- 
furyl, C1-C6 alkoxycarbonyl, S(0)in(Ci-C6 alkyl); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, O, 
S(0)in or N(R2), d and e are independently 1 to 3 and R2 is as defined 
above; 



where x and y are independently 0, 1 , 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C 1 -C6 alkyl; 

R6 is hydrogen, C1-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2. 
lH-tetrazol-5-yl, C(0)0R2. C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2),and wherein aryl is phenyl, pyridyl, IH-tetrazol- 
5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, imidazolone- 
1-yl, oxadiazolyl, benzimidazol-2-yl, triazolinone-yl, optionally 
substimted with C1-C6 alkyl, C3-C6 cycloalkyl, amino, or hydroxyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C3-C7 
cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and Rva can 
independently be joined to one or both of R4 and R5 groups to form 
alkylene bridges between the terminal nitrogen and the alkyl portion of 
the R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms; 
or R7 and R7a can be joined to one another to form a C3-C7 cycloalkyl; 



A is: 




or 
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misO, 1, or 2; 
nis 1,2, or 3; 
q is 0, 1, 2, 3 or 4; 
ris 0, 1,2, or 3; 
tis 0, 1,2, or 3; 
V is 0, 1, or 2 ; 



10 



20 



25 



30 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

Preferred compounds within this second embodiment 
include those of Formula Bla: 

H H O 

I II ,''4 



■N-C-A-N 



15 C=0 



R3 Y 
Formula Bla 

wherein: 

Rl is selected from the group consisting of: 

Cl-ClO alkyl, aryl (C1-C4 aJkyl)-, C3-C6 cycloalkyl (C1-C4 alkyl)-, 
(C1-C4 alkyl)-K-(Cl-C2 alkyl)-, aryl (C0-C2 alkyI)-K-(Ci-C2 alkyl)-, 
and (C3-C7 cycloalkyl)(C0-C2 alkyl)-K-(Cl-C2 alkyl)-, where K is O, 
S(0)in, OC(0), or C(0)0, and the alkyl groups may be further 
substituted by 1 to 7 halogen, S(0)mR2, 1 to 3 OR2 or C(0)0R2, and 
aryl is phenyl, naphthyl, indolyl, pyridyl, benzimidazolyl, azaindoleyl, 
benzothienyl or benzofuranyl which may be further substituted by 1-2 
C1-C4 alkyl, 1 to 2 halogen, 1 to 2 -OR2, -S(0)mR2, or -C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C4-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 
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R3 is phenyl which is optionally substituted by 1 to 2 Ci-C6 alkyl 
groups, 1 to 2 halogen, or 1 to 2 -0R2, and which may be further 
substituted in the ortho position by a substituted selected from the group 
consisting of: 

-NHSO2CF3, -(CH2)rOR6, -(CH2)rN(R2)(R6). -(CH2)r (R6). 
-(CH2)rC(0)OR2, -(CH2)rC(0)OR6, -(CH2)rOC(0)R2, 
-(CH2)rOC(0)R6. -(CH2)rC(0)R2. -(CH2)rC(0)R6, 
-(CH2)rC(0)N(R2)(R2), -(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 
-(CH2)rN(R2)C(0)R6. -(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, 
-(CH2)rN(R2)C(0)OR2,-(CH2)rN(R2)C(0)OR6. 
-(CH2)rN(R6)C(0)OR2, -(CH2)rN(R6)C(0)OR6, 
-(CH2)rN(R2)C(0)N(R2)(R6), -(CH2)rN(R2)C(6)N(R2)(R2). 
-(CH2)rN(R6)C(0)N(R2)(R6), (CH2)rN(R2)S02R6, 
-(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2, CH2)rN(R6)S02R6 
-(CH2)rOC(0)N(R2)(R6), -(CH2)rOC(0)N(R2)(R2), 
-(CH2)rS02N(R2)(R6), -(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6 
.(CH2)rS02NHC(0)R2, -(CH2)rS02NHC(0)OR6, 
-(CH2)rS02NHC(0)OR2, -(CH2)rC(0)NHC(0)NR2, 
-(CH2)rC(0)NHC(0)NR6, -(CH2)rC(0)NHC(0)R2 . 
-(CH2)rCONHC(0)R6, -(CH2)rCONHS02R6,-(CH2)rCONHS02R2 
-(CH2)rCONHS02N(R2)R2). -(CH2)rCONHS02N(R2)R6), 
-(CH2)rN(R2)S02N(R2)R6).-(CH2)rN(R6)S02N(R2)R6), 
-(CH2)rS(0)mR6. and -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C4 alkyl; 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl,(-CH2)qN(R2)C(0)OR2, 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2, 
-(CH2)qN(R2)C(0)N(R2)(CH2)taryl, -(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2), -(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl, -(CH2)qS(0)mR2, and 
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-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, CONH2, S(0)mCH3, carboxylate Cl- 
C4 alkyl esters, or tetrazole and the aryl which is phenyl, naphthyl, 
pyridyl or 1-H-tetrazolyI may be optionally substituted by 1 to 2 halogen, 

1 to 2 -OR2. .-CONH2, -C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)raR2, or IH- 
tetrazole-5-yl; 

Y is selected from: hydrogen. Ci-Cg alkyl, (CH2)taryl, -(CH2)q(C5-C6 
cycloalkyl). -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, 
-(CH2)q-K-(CH2)t(C3-C7 cycloalkyl containing 0, NR2, or S). and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is O or S(0)m and 
where the alkyl groups may be optionally substituted by hydroxyl, 
caiboxyl, CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl 
and the aryl which is phenyl, naphthyl, pyridyl, 1-H-tetrazolyl, thiazolyl, 
imidazolyl, pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl or 
thiopheneyl is optionally substimted by 1 to 3 halogen, 1 to 3 -OR2, 1 to 

2 -N(R2)(R2), -C(0)0R2, -C(0)N(R2)(R2), cyano, 1 to 2 C1-C4 alkyl, 
benzyl, -S(0)mR2, or lH-tetrazol-5-yl; 

R4 and R5 are independently hydrogen, Cl-Ce alkyl,or substituted Ci- 
Cg alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxyl, 
S(0)m (C 1-C6 alkyl) or phenyl; 

R6 is H, C1-C6 alkyl, or (CH2)varyl, wherein the (CH2)v and alkyl 
groups may be optionally substituted by 1-2 0(R2), S(0)mR2, C(0)0R2, 
C(0)N(R2)(R2) or S02N(R2)(R2), N(R2)C(0)N(R2)(R2), wherein the 
aryl group could be phenyl, pyridyl, lH-tetrazol-5-yl. triazolyl, 
imidazolyl, thiazolyl, oxadiazolyl, pyrazolyl, thiadiazolyl, benzimidazol- 
2-yl, optionally substituted with C1-C6 alkyl, C3-C6 cycloalkyl, amino, 
or hydroxyl; 



A is; 
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(CH2)x-C— 

5 where x is 0, or 1 ; 

R7 and RVa are independently hydrogen Cl-C6 alkyl, trifluoromethyl, 
phenyl, substimted Cl-C6 allcyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)niR2, C(0)0R2, C5-C7 
cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and R7a can 

1 0 independently be joined to one of R4 or R5 to form alkylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and R7a can be joined to one 
another to form a C3 cycloalkyl; 

15 n is 2; 

misO, 1, or 2; 

ris 0, 1, 2, or 3; 

qisO, 1,2, or 3; 

t is 0, 1,2, or 3; 
20 V is 0, 1, or 2, 

and phannaceutically acceptable salts and individual diastei^mers 
diereof. 



25 
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More preferred compounds within this second embodiment 
include those of Formula Bib: 



wherein: 

Rl is selected from the group consisting of: Cl-Cio alkyl, 

aryl (C1-C3 alkyl)-, (C3-C7 cycloalkyl)(Cl-C3 alkyl)-, and 

aryl (Cq-Ci alkyl)-K-(Ci-C2 alkyl)-, where K is O or S(0)m and aryl is 

specifically phenyl, pyridyl, naphthyl, indolyl, azaindolyl, or 

benzimidazolyl which is optionally substituted by 1-2 C1-C4 alkyl, 1 to 2 

halogen, 1 to 2 OR2, S(0)in R2, or C(0)OR2; 

R2 is hydrogen, C1-C6 aUcyl, C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is phenyl optionally substituted by 1 to 2 C1-C6 alkyl groups, 1 to 2 
halogen or 1 to 2 OR2, and which may be further substituted in the ortho 
position by a substitutent selected from the group consisting of: 



-NHSO2CF3, -(CH2)rOR6. -(CH2)rN(R2)(R6). -(CH2)r (R6), 
-(CH2)rC(0)OR6, -(CH2)rOC(0)R2, -(CH2)rOC(0)R6, 
-(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2), 
-(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 
-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2.- 
(CH2)rN(R2)C(0)OR6.-(CH2)rN(R6)C(0)OR2, 
-(CH2)rN(R6)C(0)OR6, -(CH2)rN(R2)C(0)N(R2)(R6). 
-(CH2)rN(R2)C(0)N(R2)(R2).-(CH2)rN(R6)C(0)N(R2)(R6), 



5 



H. H 

Ri— c-n-c-a-n: 

I II 

c=o o 




10 




Formula Bib 
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(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2. 
CH2)rN(R6)S02R6.-(CH2)rOC(0)N(R2)(R6), 
-(CH2)rOC(0)N(R2)(R2),-(CH2)rS02N(R2)(R6). 
-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6, -(CH2)rS02NHC(0)R2, 
^ -(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR2, 

-(CH2)rCONHS02R6r(CH2)rCONHS02R2, -(CH2)rS(0)mR6, and 
-(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C4 alkyl; 

10 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)q N(R2)S02(CH2)taiyl, -(CH2)q 
N(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 
-(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2). 
-(CH2)qN(R2)C(0)OR2. -(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl, -(CH2)qS(0)mR2, and 
-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, -CONH2, -S(0)mCH3, carboxylate 
C1-C4 alkyl esters or tetrazole and aryl is phenyl, napthyl or pyridyl 
which may be further substituted by 1-2 halogen, 1 to 2 OR2, C(0)0R2, 
1 to 3 C1-C4 alkyl, S(0)mR2, or lH-tetrazole-5-yl; 

Y is selected from: hydrogen, Ci-Cg alkyl, (CH2)taryl, -(CH2)q C5-C7 
2^ cycloalkyl, -(CH2)q-K-(Ci-C6 alkyl), -(CH2)q-K-(CH2)taryl, and 

-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is S(0)m and where the 
alkyl groups may be optionally substimted by hydroxyl, carboxyl, 
CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl and aryl is 
^ specifically phenyl, napthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, 
oxazolyl, isoxazolyl or imidazolyl which may be optionally substituted 
by 1 to 2 halogen, 1 to 2 OR2, 1 to 2 -N(R2)(R2), -CO(OR2), 1 to 2 Cl- 
C4 alkyl, S(0)raR2, or lH-tetrazol-5-yl; 
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R4 and R5 are independently hydrogen, C1-C4 alkyl, substituted C1-C3 
alkyl where the substituents may be 1 to 2 hydroxyl; 

R6 is hydrogen, C1-C6 alkyl or (CH2)varyl, wherein the C1-C6 alkyl and 
^ the (CH2)Varyl groups may be optionally substituted by 1-2 0(R2), 
S(0)mR2, C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2), wherein aryl is specifically phenyl, pyridyl, IH- 
tetrazol-5-yl, triazolyl, imidazolyl, thiazolyl, oxadiazolyl, pyrazolyl, 
tfaiadiazolyl, benzimidazol-2-yl, optionally substituted with C1-C6 alkyl, 
^ ° C3-C6 cycloalkyl, amino, or hydroxyl; 

A is 

15 (CH2)x-C— 
where X is 0, or 1; 

20 R? and R7a are independently hydrogen, C1-C2 alkyl, phenyl, substituted 
C1-C6 alkyl wherein the substitutent is imidazolyl, phenyl, indolyl, p- 
hydroxyphenyl, OR2, S(0)mR2; or R7 and R7a can be independently be 
joined to one another to form a C3 cycloalkyl; 

25 mis 0,1, or 2; 
ris 0, 1, 2, or 3; 
qis 0, 1, 2, or 3; 
tisO, 1,2, or3; 
V is 0, 1, or 2; 

30 and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

Still more preferred compounds within this second 
embodiment are realized in Formula BIc: 
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Ri— C'-N-C-A-NC 



c=o o ^ 



R3 

Fonnula BIc 




10 



wherein: 

Rl is selected from the group consisting of: 

(i-2)f4 J i 




MeO-rr 



H 




N' 
H 



15 




20 



XCHg- 

N CH3 
H 




N 



ex. 



'N N' 
H 




CH, 



MeO- 




HO-H- 




25 




,CHo- 



MeO- 




HO-^ 




,CH2- 



30 




CH, 



(1-2) F-^ 




(1-2) Fir 




(X 



CH2- (f^^V^CHa- 
(1-2) Ff^ ' 




N 



or their regioisomers where not specified; 
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R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl and where two C1-C6 
alkyi groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

5 

R3 is phenyl optionally substituted in the ortho position with a 

substitutent selected from the group consisting of: 

-NHSO2CF3. -(CH2)rOR6. -(CH2)r (R6). -(CH2)rC(0)OR2, 

-(CH2)rC(0)OR6, -(CH2)rOC(0)R2, -(CH2)rOC(0)R6, 
^° -(CH2)rC(0)R2, -(CH2)rC(0)R6. -(CH2)rC(0)N(R2)(R2). 

-(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6. 

-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2.- 

(CH2)rN(R2)C(0)OR6, -(CH2)rN(R6)C(0)OR2. 

-(CH2)rN(R6)C(0)OR6,-(CH2)rN(R2)C(0)N(R2)(R6). 

-(CH2)rN(R2)C(0)N(R2)(R2),-(CH2)rN(R6)C(0)N(R2)(R6), 

(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2. -(CH2)rN(R6)S02R2. 

CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 

-(CH2)rOC(0)N(R2)(R2),-(CH2)rS02N(R2)(R6), 

-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6, -(CH2)rS02NHC(0)R2 
20 -(CH2)rS02NHC(0)OR6,-(CH2)rS02NHC(0)OR2, 

-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, -(CH2)rS(0)mR6. and 

-(CH2)rS(0)mR2; 

R3a is hydrogen, or Ci-Gi alkyl; 

25 

X is selected from the group consisting of: hydrogen, 



30 
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Y is selected from the group consisting of: 

hydrogen, Cl-Cg alkyl, (CH2)taryl, -(CH2)q C5-C7 cycloalkyl, -(CH2)q- 
K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, or -(CH2)q-K-(CH2)t (C5-C6 
cycloalkyl) where K is S(0)m and where the alkyl groups may be 
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optionally substituted by hydroxyl, carboxyl, CONH2» carboxylate Ci- 
C4 alkyl esters or lH-tetrazole-5-yl, and where aryl is specifically 
phenyl, naphthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, oxazolyl, 
isoxazolyl, thiadiazolyl, pyrimidinyl, or imidazolyl, which may be 
optionally substituted by 1 to 2 halogen, 1 to 2 0R2, C0(0R2), 1 to 2 
C1-C4 alkyl, S(0)mR2 or lH-tetrazol-5-yl; 

A is selected from the group consisting of: 

.CH3 H3C>^^.CH3 



10 H3C CH3H3C CH3 CH3 ^ 



y W ^/ 



R4 and R5 are independently selected from the group consisting of: 



— H — CH3 — CH2CH3 /^^CHg ^s^CHgOH 

OH OH 
R6 is hydrogen, C1-C6 alkyl or (CH2)varyl wherein the alkyl and 
(CH2)v groups may be optionaUy substituted by halogen, OR2, 
25 N(R2)(R2), C3-C6 cycloalkyl, lH-tetrazol-5-yl, C(0)0R2, 

C(0)N(R2)(R2), S02N(R2)(R2) or N(R2)C(0)N(R2)(R2). wherein aryl 
is selected from the following aromatic groups and their regioisomers: 



30 
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V>H -Q -^VO 
N=N . , N-N 



H 



H 

N 



S-N 



N=\ ^N^ 




0"-N N^N , O^N 

where the aromatic groups are optionally substituted with C1-C2 alkyl, 
20 .N(R2)(R2), or hydroxy; 

mis 0,1, or 2; 
ris 0, 1,2, or 3; 
qisOorl; 
25 tisOorl; 
visOor 1; 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

Representative of the still more preferred compounds 
within this second embodiment include the following: 
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5 




cjs d^. cis dg. trans d^. trans do cjs d^, cis dg. trans d^. trans do 



and pharmaceutically acceptable salts and individual diastereomers 
thereof where not otherwise specified. 

All of the still more preferred compounds shown above have 
at least one asymmetric center. Additional asynraietric centers may be 
present on the molecule depending upon the nature of the substituents on 
the piperidine ring. Each such asymmetric center will produce two 
optical isomers and it is intended that all such optical isomers, as 
separated, pure or partially purified optical isomers, racemic mixtures or 
diastereomeric mixtures thereof, be included within the ambit of the 
present invention. 

The most preferred compounds within this second 
embodiment include the following: 



25 



30 
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CIS di. cisdg 



15 



20 



H H 




CIS d-j. cisd2 



OEt 



cis di - cisda 



and their phannaceutically acceptable salts and individual diasteromers 
25 thereof where not otherwise specified. 



30 
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A third embodiment of the present invention is directed to 
the compounds of the structural formula CI: 



H H O 

I I II 

^N-C-A-N 

c=o 





(CH2), 



X 



10 



Formula CI 



wherein: 

Rl is selected from the group consisting of: 

15 Cl-ClO aUcyl, aiyl, aryl(Cl-C6 alkyl), (C3-C7 cycloalkyl)(Cl-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aryl(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, 
and (C3-C7 cycloalkyl)(C0-C5 alkyl)-K-(Ci-C5 alkyl)-, where K is O, 
S(0)m, N(R2)C(0), C(0)N(R2), OC(0), C(0)0, -CR2=CR2-. or -C^-, 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 

20 pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzimidazolyl, and 
R2 and alkyl may be further substituted by 1 to 9 halogen, S(0)mR2a, 1 
to 3 of 0R2a or C(0)0R2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2, 1 to 2 of -CF3, -OCF3, nitro, -N(R2)C(0)(R2), -C(0)0R2. 

25 -C(0)N(R2)(R2). -lH-tetrazol-5-yl, -S02N(R2)(R2), -N(R2)S02 phenyl, 
or-N(R2)S02R2; 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C 1-C6 alkyl groups are present on one atom, they may be 
3 0 optionally joined to form a C3-C8 cyclic ring, optionally including 
oxygen, sulfur or NR3a, where R3a is hydrogen, or C1-C6 alkyl, 
optionally substituted by hydroxyl; 

R2a is hydrogen, or C1-C6 allcyl optionally substituted by hydroxyl; 
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X is selected from: hydrogen, -CsN, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)qN(R2)S02(CH2)taryl. 
-(CH2)qN(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, ' 
-(CH2)qN(R2)C(0)N(R2)(R2),-(CH2)qC(0)N(R2)(R2). 
-(CH2)qC(0)N(R2)(CH2)taryl,-(CH2)qC(0)OR2, 
-(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taiyl,-(CH2)qOC(0)N(R2)(CH2)taryl, 
-(CH2)qOC(0)N(R2)(R2), -(CH2)qC(0)R2. -(CH2)qC(0)(CH2)taryl, 
-(CH2)qN(R2)C(0)OR2,-(CH2)qN(R2)S02N(R2)(R2), 
-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl, where an R2, (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl. CONH2, S(0)mCH3, 
carboxylate C1-C4 alkyl esters, or lH-tetrazol-5-yl, and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substituted by 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(k2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 

Y is selected from: hydrogen, Ci-ClO alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K-(Cl-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m, C(0)NR2, CH=CH, C=C, N(R2)C(0), C(0)NR2, C(0)0. 
or OC(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
carboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, tiiiazolyl, imidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrazinyl, or isothiazolyl which is optionally substimted by 1 
to 3 halogen. 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), nitro, cyano, 
benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2. or lH-tetrazol-5-yl, with the 
proviso that if X is hydrogen, Y is other tiian hydrogen; 



R4 and R5 are independentiy hydrogen, C1-C6 alkyl, or substituted C]- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 to 3 
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Cl-ClO alkanoyloxy, 1 to 3 Cl-C6 alkoxy, phenyl, phenyloxy, 2-furyl, 
C1-C6 alkoxycarbonyl, S(0)m(Cl-C6 alkyl), or R4 and R5 may be taken 
together to form -(CH2)d-La(CH2)e- where La is -C(R2)2-, O, S(0)in or 
N(R2), d and e are independently 1 to 3 and R2 is as defined above; 

A is: 

^7 ^7 
— (CH2)x-C-(CH2)7- or — Z-(CH2)x-C-(CH2)7- 

R7a R7a 

where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, or substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C3-C7 
cycloaUcyl, N(R2)(R2), C(0)N(R2)(R2), or R7 and RVa may 
independently be joined to one or both of R4 and R5 groups to form an 
alkylene bridge between the terminal nitrogen and the alkyl portion of the 
R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms, or 
R7 and R7a can be joined to one another to form C3-C7 cycloalkyl; 

mis 0, 1, or 2; 
n is 1, 2, or 3; 
qisO, 1, 2, 3, or 4; 
t is 0, 1, 2, or 3; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 
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Preferred compounds within this third embodiment include 
those of Formula Cla: 

H H p 

Ri-C*-N-C-A--N 
I II \ 

c=o o R5 




-X 

10 Y 

Formula Cla 

wherein: 

Rl is selected from the group consisting of: 

15 Cl-ClO alkyl, aryl (C1-C4 alkyl)-, C3-C6 cycloalkyl (C1-C4 alkyl)-, 
(C1-C4 alkyl)-K-(Cl-C2 alkyl)-, aryl (C0-C2 alkyl)-K-(Ci-C2 alkyl)-, 
and (C3-C7 cycloalkyl)(Co-C2 alkyl)-K-(Ci-C2 alkyl)-. where K is O, 
S(0)m, 0C(0), or C(0)0, and the alkyl groups may be further 
substituted by 1 to 7 halogen, S(0)mR2, 1 to 3 OR2 or C(0)0R2, and 

20 3ryl is phenyl, naphthyl, indolyl, pyridyl, benzimidazolyl, azaindoleyl, 
benzothienyl or benzofiiranyl which may be further substituted by 1-2 
C1-C4 alkyl, 1 to 2 halogen, 1 to 2 -OR2, -S(0)mR2, or -C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl, and where two C1-C6 
25 alkyl groups are present on one atom they may be optionally joined to 
form a C4-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3a is hydrogen, or C1-C4 alkyl; 



30 X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)qN(R2)C(0)OR2, 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2. 
-(CH2)qN(R2)C(0)N(R2)(CH2)taryl. -(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2),-(CH2)qC(0)N(R2)(CH2)taryl. 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
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-(CH2)qOC(0)(CH2)taryl, -(CH2)qS(0)mR2, and 
-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl. carboxyl, CONH2, S(0)mCH3, carboxylate Cl- 
C4 alkyl esters, or tetrazole, and aryl is phenyl, naphthyl, pyridyl or 1-H- 
^ tetrazolyl which may be optionally substituted by 1 to 2 halogen, 1 to 2 
-OR2, -CONH2, -C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or IH- 
tetrazole-5-yl; 

Y is selected from: hydrogen, Cl-Cg alkyl, (CH2)taryl, -(CH2)q(C5-C6 
cycloalkyl), -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, 
-(CH2)q-K-(CH2)t(C3-C7 cycloalkyl containing O. NR2, or S), and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is O or S(0)m and 
where the alkyl groups may be optionally substituted by hydioxyl, 
carboxyl, CONH2, carboxylate C1-C4 alkyl esters or IH-tetrazole-5-yl 
and aryl is phenyl, naphthyl, pyridyl, 1-H-tetrazolyl, thiazolyl, 
imidazolyl, indolyl, pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, 
isoxazolyl, or thiopheneyl which is optionally substituted by 1 to 3 
halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), cyano, 1 to 2 C1-C4 
alkyl, benzyl, -S(0)mR2, or lH-tetrazol-5-yl, with the proviso that if X is 

20 

hydrogen, Y is other than hydrogen; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, or substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxyl, 
S(0)m (C1-C6 alkyl) or phenyl; 
" A is: 

(CH2))t-C-- 

30 

where X is 0, or 1; 

R7 and R7a are independently hydrogen C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C5-C7 
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cycloalkyl, -N(R2)(R2), -C(0)N(R2)(R2); or R? and R7a can 
independently be joined to one of R4 or R5 to form alkylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and R7a can be joined to one 
another to form a C3 cycloalkyl; 



10 



n is 2; 

mis 0, l,or2; 
qis 0, 1,2, or 3; 
tis 0, 1,2, or 3; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



More preferred compounds within this third embodiment 
^ ^ include those of Formula Clb: 

H H 

Ri— C-N-C-A-N^ 



25 



Formula Clb 



wherein: 

Rl is selected from the group consisting of: Cl-CiO alkyl, 
aryl (C1-C3 alkyl)-, (C3-C7 cycloalkyl)(Cl-C3 alkyl)-, and 
aryl (Cq-Ci alkyl)-K-(Cl-C2 alkyl)-, where K is O or S(0)m and the aryl 
30 is phenyl, pyridyl, naphthyl, indolyl, azaindolyl, or benzimidazolyl 

which is optionally substituted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 
OR2. S(0)m R2, or C(0)0R2; 
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R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl, and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

^ R3a is hydrogen, or C1-C4 alkyl; 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taiyl, -(CH2)q N(R2)S02(CH2)taryl, -(CH2)q 
N(R2)S02R2. -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 
" -(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2), 
-(CH2)qN(R2)C(0)OR2,-(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2. -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl, -(CH2)qS(0)mR2, and 
-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, -CONH2, -S(0)mCH3, carboxylate 
C1-C4 alkyl esters or tetrazole and aryl is phenyl, naphthyl or pyridyl 
which may be further substituted by 1-2 halogen, 1 to 2 OR2, C(0)0R2, 
1 to 3 C1-C4 alkyl, S(0)mR2, or lH-tetrazole-5-yl; 



15 



20 



25 



30 



Y is selected from: hydrogen, Cl-Cg alkyl, (CH2)taryl, -(CH2)q C5-C7 
cycloalkyl, -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is S(0)m and where the 
alkyl groups may be optionally substituted by hydroxyl, carboxyl, 
CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl and aryl is 
phenyl, napthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, oxazolyl, 
isoxazolyl or imidazolyl which may be optionally substituted by 1 to 2 
halogen, 1 to 2 OR2, 1 to 2 -N(R2)(R2), CO(OR2), 1 to 2 C1-C4 alkyl, 
S(0)mR2, or lH-tetrazol-5-yl, with the proviso that if X is hydrogen, Y 
is other than hydrogen; 

R4 and R5 are independently hydrogen, C1-C4 alkyl, or substituted Cl- 
C3 alkyl where the substituents may be 1 to 2 hydroxyl; 
A is 
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wherexisO, or 1; 

R7 and RVa are independently hydrogen, Ci-C6 alkyl, phenyl, substituted 
Cl-C6 alky wherein the substitutent is imidixolyl, phenyl, indolyl, p- 
hydroxyphenyl, OR2, S(0)niR2. or R7 and R7a may be joined to one 
another to form a C3 cycloalkyl; 

mis 0,1, or 2; 
q is 0, 1, 2, or 3; 
tisO, 1,2, or 3; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

Still more preferred compounds within this third 
embodiment include those of Formula CIc: 



20 



Ri— c— n-c-a-n: 

c=o 6 





25 



Foimula Qc 



wherein: 

Rl is selected from the group consisting of: 



30 
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or their regioisomers where not specified; 



X is selected from the group consisting of: hydrogen, 

30 
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Y is selected from the group consisting of: hydrogen, 
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or their regioisomers whereof where not specified, with the proviso that if 
X is hydrogen, Y is other than hydrogen; 

A is selected from the group consisting of: 
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H3C CH3H3C CH3 CH3 Y 

i--^/ vV r^/ vV 



CH, 



H,C, 



,CHa 





10 



R4 and R5 are independently selected from the group consisting of: 



— H -CH3 -CH2CH3 x-^v^^*^3 

OH 



CH2OH 



OH 



15 



20 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

The most preferred compounds within this third embodiment 
include the following: 



H 



25 





30 
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c=o 6 



OEt 



Y 

o 

















s- 













Y 

o 



NHEt 





N 
H 




OEt 




,OEt 



s- 

and their pharmaceutically acceptable salts and individual diasteromers 
thereof where not otherwise specified. 



3 0 Throughout the instant application, the following 

abbreviations are used with the following meanings: 
BOC t-butyloxycarbonyl 
BOP Benzotriazol- 1 -y loxy tris/dimethy lamino)- 

phosphonium hexafluorophosphate 
CBZ Benzyloxycarbonyl 
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DIBAL-H 


diisobutylaluminum hydride 


DMF 


N,N-dimethylfomiamide 


EDC 


l-(3-dimethylaminopropyl)-3-ethylcarbodi- 




imide hydrochloride 


FAB-MS 


Fast atom bombardment-mass spectroscopy 


CHRP 


Growth hormone releasing peptide 


HOBT 


Hydroxybenztriazole 


LAH 


Lithium aluminum hydride 


HPLC 


High pressure liquid chromatography 


MHz 


Megahertz 


MPLC 


Medium pressure liquid chromatography 


NMM 


N-Methylmorpholine 


NMR 


Nuclear Magnetic Resonance 


TFA 


Trifluoroacetic acid 


THF 


Tetrahydrofuran 


TLC 


Thin layer chromatography 


TMS 


Tetramethylsilane 



The compounds of the instant invention all have at least 
one asymmetric center as noted by the asterisk in the structural 
Formula I above. Additional asymmetric centers may be present on 
the molecule depending upon the nature of the various substituents on 
the molecule. Each such asymmetric center will produce two optical 
isomers and it is intended that all such optical isomers, as separated, 
pure or partially purified optical isomers, racemic mixtures or 
diastereomeric mixtures thereof, be included within the ambit of the 
instant invention. In the case of the asynmietric center represented by 
the asterisk in Formula I, it has been found that the absolute 
stereochemistry of the more active and thus more preferred isomer is 
as shown in Formula H. An equivalent representation places Rl and 
the N-substituent in the plane of the structure with the C=0 group 
above. The special configuration of the asynmietric center 
corresponds to that in a D-amino acid. In most cases this is also 
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designated an R-configuration although this will vary according to the 
value of Rl used in making E- or S.- stereochemical assigimients. 

H H O R . 

= I II » 4 

Rl— f*N-C-A-N 

R« 




Y 

Formula II 

The W group may also be present in either R- or S- 
configurations. Both afford active growth hormone secretagogues 
although, in general, the R- configuration is more active. In addition, 
the W group may be cis- or trans- in respect to substituents X, Y or 
R3. In the case of the asymmetric center which bears the X and Y 
groups, in most cases, both the E- and S- configurations are consistent 
with useful levels of growth hormone secretagogue activity. In 
addition, configurations of many of the most preferred compounds of 
ihis invention are indicated. The W, X and Y groups may also be cis- 
20 or]^is-totheR3 substituent. In some of the most preferred 

compounds a cis- or trans- relationship is also specified in respect to 
the R3 substitutent. All are within the ambit of this invention and in 
some of the most preferred compounds these stereochemical 
orientations are indicated. When the carbon atom in Formula I 
25 bearing an asterisk is of a defined and usually a D-configuration, 
diastereomers result according to the absolute configuration at the 
carbon atoms bearing the W, X, Y and R3 groups. These 
diastereomers are arbitrarily referred to a diastereomers d], d2, d3, d4, 
etc. and if desired, their independent syntheses or chromatographic 
3 Q separations may be achieved using standard methods or as described 
herein. Their absolute stereochemistry may be determined by the x- 
ray crystallography of crystalline products or crystalline intermediates 
which are derivatized, if necessary,, with a reagent containing an 
asymmetric center of known absolute configuration. 
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The instant compounds are generally isolated in the form 
of their pharmaceutically acceptable acid addition salts, such as the 
salts derived from using inorganic and organic acids. Examples of 
such acids are hydrochloric, nitric, sulfuric, phosphoric, formic, acetic, 
trifluoroacetic, propionic, maleic, succinic, malonic, methane sulfonic 
and the like. In addition, certain compounds containing an acidic 
function such as a carboxy can be isolated in the form of their 
inorganic salt in which the counterion can be selected from sodium, 
potassium, lithium, calcium, magnesium and the like, as well as from 
organic bases. 

The preparation of compounds of Formula I of the present 
invention can be carried out in sequential or convergent synthetic routes. 
Syntheses detailing the preparation of the compounds of Formula I in a 
sequential manner are presented in the following reaction schemes. 

The phrase standard peptide coupling reaction conditions is 
used repeatedly here, and it means coupling a carboxylic acid with an 
amine using an acid activating agent such as EDC, DCC, and BOP in a 
inert solvent such as dichloromethane in the presence of a catalyst such as 
HOBT. The uses of protective groups for amine and carboxylic acid to 
facilitate the desired reaction and minimize the undesired reaction are 
well documented. Conditions required to remove protecting groups 
which may be present and can be found in Greene, T; Wuts, P. G. M. 
Protective Groups in Organic Synthesis , John Wiley & Sons, Inc., New 
York, NY 1991. CBZ and BOC were used extensively in the synthesis, 
and their removal conditions are known to those skilled in the art. 
Removal of CBZ groups can be achieved by a number of methods known 
in the art; for example, catalytic hydrogenation with hydrogen in the 
presence of a nobel metal or its oxide such as palladium on activated 
carbon in a protic solvent such as ethanol. In cases where catalytic 
hydrogenation is contraindicated by the presence of other potentially 
reactive functionality, removal of CBZ groups can also be achieved by 
treatment with a solution of hydrogen bromide in acetic acid, or by 
treatment with a mixture of TFA and dimethylsulfide. Removal of BOC 
protecting groups is carried out in a solvent such as methylene chloride or 
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methanol or ethyl acetate, with a strong acid, such as trifluoroacetic acid 
or hydrochloric acid or hydrogen chloride gas. 

The protected amino acid derivatives 1 are, in many cases, 
conraiercially available, where the protecting group L is, for example, 
BOC or CBZ groups- Other protected amino acid derivatives 1 can be 
prepared by literature methods (Williams, R. M. Svnthesis of Optically 
Active Amino Acids, Pergamon Press: Oxford, 1989). Many of the 
piperidines, pyrrolidines and hexahydro-lH-azepines of formula 2 are 
either commercially available or known in the literature and others can be 
prepared following literature methods desribed for known compounds, 
some of which are described here. The skills required in carrying out the 
reaction and purification of the resulting reaction products are known to 
those skilled in the art. Purification procedures includes crystallization, 
and normal phase or reverse phase chromatography. 



20 



25 
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SCHEME 1 

H H 

H Ri-|-N-L 



COaH (CH2)„Y 

1 2 "'3" 

Intennediates of formula 3 may be synthesized as described 
in Scheme 1 . Coupling of amine of formula 2 , whose preparations are 
described later if they are not known compounds, to protected amino 
acids of formula 1, wherein L is a suitable protecting group, is 
conveniently carried out under standard peptide coupling conditions. 

SCHEME 2 

H H H H 

Ri—[-N-L R^_|_|!j_H 

9=0 C=0 
I ... Removal of L I 

20 .N W " M w 

(CH2)„y (CH^t^Y 
R, 3 y R3 ^ Y 

25 Conversion of 3 to intermediate 4 can be carried out as 

illustrated in Scheme 2 by removal of the protecting group L (CBZ, BOC, 
etc.) using standard methodology. 
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SCHEMR ?> 



H H O 

I II 



H H 
Ri— I— ISI-H 



C=0 




o 

HO-C-A-N 



5 

or 



R4 



R4 



H2O 



O L 

II I 

HO-C-A-N 



•N-C 


-A-N 


=0 


R5 


W 


N 


u 

Y 


Removal of L 
R4=H ] 


H 0 

1 II 

N-C 


L 

-A-N 


0 






Intennediates of formula 5, wherein A is connected to 
the carbonyl by a carbon atom and thus A is -(CH2)x-C(R7)(R7a)- 
(CH2)y- can be prepared as shown in Scheme 3 by coupling 
intermediates of formula 4 to amino acids of formula 5 under the standard 
peptide coupling reaction conditions. The amino acids 5, as amino acid 
1, are either commercially available or can be synthesized. Also if R4 or 
R5 is a hydrogen then the protected amino acids 6 are employed in the 
coupling reaction, wherein L is a protecting group as defined above. The 
removal of L in 7 to afford I, where R4 = H, can be carried out under 
conditions known in the art. 



30 
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SCHEME4 




HHOh *^^9R4 
Ri— j-N-C-A-N Ri— j-N-C-A-N 

R5 Reductive alkylation C=0 R5 
or epoxide opening ^qj^ )^\^ 

R3 Y 
I where R4 is substituted 
/unsubstituted allcyl 

Compounds of formula I wherein R4 and/or R5 is a 
hydrogen can be further elaborated to new compounds I (with most 
preferred side chains R4 = CH2-CH(OH)-CH2X, wherein X = H or OH) 

1 5 which are substituted on the amino group as depicted in Scheme 4. 

Reductive alkylation of I with an aldehyde is carried out under conditions 
known in the art; for example, by catalytic hydrogenation with hydrogen 
in the presence of platinum, palladium, or nickel catalysts or with 
chemical reducmg agents such as sodium cyanoborohydride in a protic 

20 solvent such as methanol or ethanol in the present of catalytic amount of 
acid. Alternatively, a similar transformation can be accomplished via an 
q)oxide opening reaction. 

SCHEME 5 



H H O R, /4 

Ri— (-N-H X-^Z-(CH2)r|-(CH2)yN^ 

C=0 Q Rya Rs 
N W 

(CH2)nY OR 

4 0=C=N-(CH2)x-|-(CH2)yN 

^Rs 



Formula 



^7a 
9 
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Compounds of formula I , wherein A is Z-(CH2)x- 
C(R7)(R7a)-(CH2)y and Z is N-R6 or O may be prepared as shown in 
Scheme 5 by reacting 4 with reagents 8, wherein X is a good leaving 
group such as CI, Br, I, or imidazole. Alternatively, 4 can be reacted with 
an isocyanate of formula 9 in an inert solvent such as 1,2-dichloroethane 
to provide compounds of formula I where Z is NH. 

The compounds of general formula I of the present invention 
may also be prepared in a convergent manner as described in Reaction 
Schemes 6, 7 and 8. 

SCHEME 6 



IB. 



H H O 

•P4 I II I- 

HOOC-A-N-R5 Ri-i-N-C-A-N-Rs 
H H 5 COOM 



R,— (-N-H ^„ 11 

1 I + OR • 

COOM 

10 ' H H O L 



HOOC-A-N-R5 R^^^_£_A-^-R3 



COOM 
11a 



The carboxylic acid protected amino acid derivatives 10 are, 
in many cases, commercially available where M = methyl, ethyl, or 
benzyl esters. Other ester protected amino acids can be prepared by 
classical methods familiar to those skilled in the art. Some of these 
methods include the reaction of the amino acid with an alcohol in the 
presence of an acid such as hydrochloric acid or p-toluenesulfonic acid 
and azeotropic removal of water. Other methods includes the reaction of 
a protected amino acid with a diazoalkane, or with an alcohol and an acid 
activatmg agent such as EDC, DCC in the presence of a catalyst such as 
DMAP and removal of the protecting group L. 

Intermediates of formula 11 or 11a, can be prepared as 
shown in Scheme 6 by coupling of amino acid ester 10 to amino acids of 
formula 6 or 7. When a urea Unkage is present in 1 1 or 1 la, it can be 
introduced as illustrated in Scheme 5. 
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R,— |— N-C-A-N-Rj 
COOM 



11a 



H H O L 

I I II I 

-[-- N-C-A-N-Rg 
COOH 
12a 



Conversion of the ester 11 or 11a to intermediate adds 12 or 
12a can be achieved by a number of methods known in the art as 
described in Scheme 7; for example, methyl and ethyl esters can be 
hydrolyzed with lithium hydroxide in a protic solvent like aqueous 
methanol. In addition, removal of benzyl groups can be accomplished by 
a number of reductive methods including hydrogenation in the presence 
of palladium catalyst m a protic solvent such as methanol. An allyl ester 
can be cleaved with tetrakis-triphenylphosphine palladium catalyst in the 
presence of 2-ethylhexanoic acid in a variety of solvents including ethyl 
acetate and dichloromethane (see J. Org. Chem.. 42, 587 (1982)). 



SCHEME 8 
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Acid 12 or 12a can then be elaborated to I or compound 7 as 
described in Scheme 8. Coupling of piperidines, pyrrolidines or 
hexahydro-lH-azepines of formula 2 to acids of formula 12 or 12a, 
wherein L is a suitable protecting group, is convenienfly carried out under 
the standard peptide coupling reaction conditions. Transformation of 7 to 
I is achieved by removal of the protectmg group L. When R4 and/or R5 
is H, substituted alkyl groups may be optionally added to the nitrogen 
atom as described in Scheme 4. 

The 2-substituted piperidines, pyrrolidines or hexahydro-lH- 
azapines are either commercially available or can be prepared by 
literature procedures. Illustrated herein are some, but by no means all, 
the methods for their preparation. 
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According to the protocol developed by S. Murahashi and T. 
Shiota (Tetrahedron Lett. . 28, 6469-6472 (1987)) catalytic oxidation of 
cyclic amines such as piperidines, pyrrolidines or hexahydro-lH-azapines 
with hydrogen peroxide followed by treatment with hydrogen cyanide 
gives a-hydroxylaminonitriles of formula A14, which upon reduction 
(Murahashi, S.-I.; Kodera, Y., Tetrahedron Letters . 26, 4633-4636 
(1985)) give a-aminonitriles of formula A2a. In cases where X and Y 
are not both hydrogen and/or n is not 2, regioisomers and 
diastereoisomers may arise, and they may be separated by 
chromatography methods. Hydrolysis of the amino nitrile under acidic or 
basic conditions yields the amino acid. Alternatively, the 
hydroxylaminonitrile can be hydrolyzed first, then reduced by palladium 
catalyzed hydrogenation to afford the amino acid of formula A15. The 
amino acid and their derivatives prepared according to this method are 
racemic. 

Alternatively, the nitrile A2a can be prepared by oxidation 
of the compound A13 to the imine as described in the hterature (Goti and 
Romani in Tetrahedron Letters . 35. 6567-6570 (1994)) followed by 
reaction with cyanide. W can also be introduced by direct alkylation of 
the Boc protected compound A13 by butyl lithium followed by addition 
of electrophiles known as the Beak alkylation (Beak and Lee J. Org. 
Chem. , 55, 2578-2580 (1990)). Asymmetric introduction of W can also 
be achieved by using a chiral catalyst (Kerrick and Beak, J. Am. Chem. 
Sqc, 113, 9708-9710 (1991)). 

SCHEME AIQ 




A15 
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H 




L L 



(CH2)n V-COzH HOBt, EDC (CHg^n V-CONRgRa 

)— t-X R2R2NH 
R3 Y R3 Y 

A2C 



L 

(CH2)ny'°N ^ tetrazoles 

^ ^ X other hetereocycles 

R3 Y 
A17 

20 The caiboxylic acid functionality at the 2-position of 

compounds of formula A15 can be converted to ester, amide, nitrile, acyl 
sulfonamide, and moieties as defined by W to give compound of general 
formula 2 according to the conventional methods well documented in the 
literature and known to those skilled in the art (TTie Practice of Peptide 

25 Synthesis, by M. Bodanszky and A. Bodanszky, Springer- Verlag, 1984). 
L is an appropriate protecting group such as BOC, CBZ, etc. The 
carboxylic acid can also be converted into its next higher homologue, or 
to a derivative of the homologous acid, such as amide or ester by an 
Amdt-Eistert reaction. Altematively, the ester can be directly 

30 homologated by the protocol using ynolate anions described by C. J. 
Kowalski and R. E. Reddy in J. Org. Chem .. 52, 7194-7208 (1992). The 
resulting acid and/or ester can be converted to the next higher 
homologue, and so on and so forth. 
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A18 A19 A2 

Illustrated in Scheme Al 1 is a general method to introduce 
Y wherein X is an electron withdrawing group such as -CN, -CO2R8. 
where Rg is alkyl, aryl, and alkyl(Cl-C4)aryl are either known 
compounds or may be prepared by methods described above or by 
methods analogous to those used for the preparation of known 
compounds. Introduction of die Y substitution can be achieved by first 
reacting compounds of formula A18 with a strong base such as potassium 
bis(trimethylsilyl)amide, lithium diisopropylamide following by addition 
of alkylating reagents such as alkyl halides, aryl alkyl halides, acyl 
halides, and haloformates in a inert solvent such as THF at temperatures 
from -100" to room temperamre. Thio derivatives where the sulfur is 
attached directly to an alkyl or an aryl group can be prepared similarly by 
reacting with a disulfide. The halides used in these reactions are either 
commercially available or known compounds in the literature can be 
prepared by methods analogous to those used for the preparation of 
known compounds. The protecting group L in compounds of formula 
B19 can be removed with conventional chemistry to give compounds of 
formula 2. 



30 
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To prepare cis homoproline derivatives, the procedure 
10 described by Shuman et al can be used (Shuman, R. T.; Omstein, P. L.; 
Paschal, J. W.; Gesellchen, P. D., J. Org. Chem .. 55, 738-741 (1990)) 
(Scheme A12). Substituted pyridines of formula A20, many of them 
commercially available or prepared by literature procedures, are 
converted to their corresponding N-oxide by reacting with hydrogen 
15 peroxide. Reaction of the pyridine N-oxide with trimethylsilylcyanide 
and dimethylcarbamyl chloride gives the 2-nitrile of formula A21. If 
regioisomers should arise due to the presence of 3-substitution, they can 
be conveniently separated by chromatography. Hydrolysis of the nitrile 
to the acid under acidic or basic conditions followed by hydrogenation 
20 catalyzed by platinum oxide gives the piperidinecarboxylic acid. The 
functionalization of the carboxyUc acid is described above and in part by 
Scheme AlO. 

The amino acids generated by these synthetic protocols are 
racemic. However, procedures for resolving RS-a-amino acids by 

25 various methods are known in the literature (Toone, E. J. and Jones, J. B. 
Can. J. Chem ., 65, 2722 (1987); Okamoto, S.; Hijikato, A. Biochem. 
Biophvs. Res. Commun .. lOi, 440 (1981); Greenstein, J. P.; Winitz, M. 
Chemistrv of the Amino Acids : Wiley: New York, 1961 . Vol. 1, 715- 
760). Therefore, die separated R- and S- isomers can be prepared by this 

30 methodology. Alternatively, the racemic piperidine, pyrrolidine and 
hexahydro-lH-azepine derivatives can be converted directly to growth 
hormone secretagogues or their intermediates, and the resulting 
diastereomeric mixtures can be separated at the appropriate stage by 
chromatography to yield the enantiomerically pure compounds. 
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V ~0 



Ph T T 

A23 A24 H2/Pt/C^ R3 A25 R3 A26 



Ph 



^ 'V H H 



Ho/PdfOHW/C >^ 




H2/Pd(OH)2/C 
n3A27 A28R3 R3^^^^ 

Alternatively, asymmetric synthesis can be carried out to 
synthesize optically pure piperidine, pyrrolidine and hexahydro-lH- 
azepine derivatives. For example, optically active piperidine-2- 

20 carboxylic acid derivatives A15a, A15b can be prepared by the aza-Diels- 
Alder reaction as described by Bailey et al ( J. Chem. Soc. Perkin Trans L 
1337-1340 (1991)). Reaction between the chiral imine A23 and the diene 
A24 in the presence of TFA (1 equivalent) and water (catalytic) gives the 
adducts A25 and A26 with good diastereoselectivity. The two 

25 diastereoisomers can be separated, and each can be hydrogenated to 
reduce the double bond and to remove the chiral auxiliary. All four 
possible isomers can be achieved by this methodology. Illustrated here 
(Scheme A13) is the preparation of the two isomers A15a and A15b 
which have an S-configuration at the chiral center adjacent to the COOH. 

30 The two R- isomers at this center can be prepared similarly using . 
compound A26. 
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The synthesis of substituted piperidines of formula 2 (n=2) 
has been detailed in a number of research articles. For e.g., S. M. N. 
Efange et al. (L Med. Chem.. 26, 1278-1283 (1993() and M. S. Berridge 

15 et al. (J. Med. Chem .. 2^, 1284-1290 (1993)) have used 4-substituted- 
pyridine intermediates B13 to synthesize 4-substituted 
tetrahydropiperidines of formula B14 (L = methyl) as detailed in Scheme 
B9. Removal of L from piperidines of formula B 14 can be carried out by 
a number of methods familiar to those skilled in the art, including the 

2 0 cyanogen bromide protocol detdled by H. Ong et al. in J. Med. Chem . , 
21, 981-986 (1983) and ACE-Cl method as described in R. Olofson et al. 
J. Org. Chem.. 21, 2795 (1984). For intermediates of formula B14. 
wherein L = Bn, simultaneous removal of the benzyl group and 
hydrogenation of the olefin can be accomplished by use of platinum or 

25 palladium catalysts in a protic solvent like methanol. Alternatively, B 1 3 
can be directly transformed to piperidines of formula B 15 (L = H) by 
carrying out the reduction with platinum oxide in a protic solvent such as 
methanol with a catalytic amount of acid. 



30 
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L 

(CH2)n> 

TfO Y 
B16 



Rg-Xa 



B17 [Xa=B(OH)3orSnMe3] 



L 

R3 Y 
818 





820 



819 



Other methods as shown in Scheme BIO may also be used to 
synthesize compounds of formula 2. For example, cross-coupling of enol 
triflates of formula B 16 (L = protecting group) where X and Y are 
defined in formula I with aryl boronic acids of formula B 17 (Xa = 
B(0H)3) or aryl or phenyl or naphthyl tin reagents of formula B 17 (Xa = 
SnMeS) can be accomplished with palladium (II) or palladium (0) 
catalysts as detailed in the review article by W. J. Scott and J. E. 
McMurry Acc. Chem. Res .. 21, 47 (1988) to give in their examples 
tetrahydropiperidines B18 (L = protecting group). Various methods exist 
for the synthesis of the enol triflate intermediates of formula B 16, phenyl 
or naphthyl boronic acids, and phenyl or naphthyl tin reagents of formula 
B17 (X = B(OH)3; SnMe3) and are familiar to those skilled in the art. 
Removal of the protecting group L furnishes for example, piperidines of 
formula B19 (L = H). Hydrogenation of B18 followed by removal of the 
protection group L also gives saturated derivatives B20. Alternatively, 
B19 can be transformed to compounds of formula B20 by hydrogenating 
the olefin in the presence of platinum or palladium catalysts in a protic 
solvent such as methanol. 
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B20 
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Methods for the synthesis of substituted pyrrolidines, 
piperidines, and hexahydro-lH-azepines also involve addition of 
substituted and/or unsubstituted alkyl, cycloalkyl, phenyl or naphthyl 
Grignard reagents or lithium reagents to oxo-piperidines, 0x0- 
pyrrolidines, or oxo-hexahydro-lH-azepines of formula B21 (L = benzyl, 
methyl, etc.) to give compounds of formula B22 (L = benzyl, methyl, 
etc.). The dehydration of the hydroxyl group of B22 (L = benzyl, methyl, 
etc.) to yield B18 (L = benzyl, methyl, etc.) can be carried out by treating 
it with strong acid or via an elimination reaction of the corresponding 
mesylate derived from B22 (L = benzyl, methyl, etc.). Compounds B18 
can be transformed to B19 or B20 as described above. 
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(CH2)n^ ^ (CH2)n^ 

>-4-x . >-fx 

R3 H R3 Y 

B21 B19 

The 3,4-disubstituted piperidines, pyrrolidines and 
J Q hexahydro- 1 H-azepines of formula B2 1 wherein X is an electron 
withdrawing group like an ester, ketone, nitrile, etc., can be further 
alkylated, hydroxylated, halogenated by using methods familiar to those 
skilled in the art. Once again, deprotection of the protecting group L can 
be carried out by methods familiar to those skilled in the art. 
1 5 Specifically, ortho-substituted phenyl piperidines of of 

formula B22a wherein X»Y = H can be prepared from the phenyl 




25 



B22a 

piperidine intermediate B23 (see S. M. N. Efange et al. J. Med. Chem . , 
26, 1278 (1993)). 
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B26 825 
As shown in Scheme B 13, the benzyl alcohol can be 
oxidized to aldehyde B24 by a variety of methods familiar to those 
skilled in the art. Commonly used methods are manganese dioxide in an 
inert solvent like chloroform or the Swem protocol. A variety of 
functional groups can now be elaborated from B24. For example, an 
Emmons reaction with triethylphosphonoacetate in the presence of base 
gives the a,P-unsaturated ester B25. Concurrent reduction of the 
pyridine unit and the olefin group with a platinum or palladium catalyst 
in an alcoholic solvent provides the piperidine of formula B26, wherein 
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X, Y = H. The piperidine B26 may be derivatized to ester and acid 
bearing compounds of fomiula I wherein X and Y=H by using chemistry 
detailed in Schemes 1-8. Alternatively, B24 can directly be transformed 
to a methyl ester B27, wherein X, Y = H, by oxidation of the aldehyde 
group to an ester with the Corey protocol (NaCN, acetic acid, Mn02, in 
methanol) followed by reduction of the pyridine to a piperidine with 
platinum or palladium catalysts in a protic solvent like methanol. The 
piperidine B27 can be elaborated to compounds of Formula I by using 
chemistry detailed in Schemes 1-8. The piperidine unit of B27 can be 
protected by a variety of protecting groups L familiar to those skilled in 
the art and the ester unit can be hydrolyzed by well documented methods 
to give the acid B28, wherein X, Y = H. The acid intermediate B28 can 
be used to prepare compounds bearing a variety of highly fiinctionalized 
piperidines that can be transformed to compoundsof formula L 

Highly fiinctionalized phenyl piperidines of formula B22, 
wherein X, Y = H, can be prepared by utilizing synthetic methods 
detailed below. 
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B30 B30a 

As depicted in Scheme B14 the piperidine B26 may also 
serve as a key intermediate for die synthesis of a variety of piperidines of 
formula B22a, wherein Rio may be alkyl and aryl amides, alkyl and aryl 
acylsulfonamides, alkyl and aryrureas, alkyl and aryl carbamates, etc. 
The piperidine nitrogen of B26 can be protected with a protecting group 
L (commonly used groups include BOC, CBZ, FMOC) by well 
documented methods and the ester unit can now be hydrolyzed with 
sodium or potassium hydroxide in aqueous or alcoholic media to give 
B29. Peptide type coupling of B29 with primary and secondary aliphatic 
amines, aryl amines, suitably protected amino acids, alkyl or aiyl 
sulfonamides provides amides of formula B30, wherein X, Y = H, 
followed by removal of the protecting group L. Alternatively, the acid 
B29 can be activated with carbonyl diimidazole and subsequently reacted 
with primary and secondary aliphatic amines, aryl amines, suitably 
protected amino acids, alkyl or aryl sulfonamides in an inert solvent like 
tetrahydrofuran or dimethylformamide to give amides of formula B30, 
wherein X, Y = H, L is on the nitrogen, and R2 and R6 may be any of the 
groups described in the scope of this invention. Ureas of formula B30a, 
wherein X, Y = H, L is on the nitrogen and R2 and R6 may be any of the 
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groups described in the scope of this invention, can be synthesized from 
B29 by carrying out a Curtius rearrangement and trapping the isocyanate 
intermediate with amines of formula HNR2R2 or HNR2R6' The 
protecting group L can be removed and elaborated to compounds of 
Formula I using chemistry presented in Schemes 1-8. 

SCHEME Bl 5 
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15 



20 




N-N 

B32 H 

The acid intermediate B29 also serves as a key intermediate 
for the synthesis of heterocycle bearing compounds of formula B32, 

25 wherein X, Y = H. As shown in Scheme B 15, the acid B29 can be 
transformed to a nitrile of formula B31, wherein X, Y = H, by a 3-step 
sequence involving activation of the acid with ethylchloroformate in the 
presence of a base like triethylamine, addition of aqueous ammonia to 
yield a primary amide, and dehydration of the amide to a nitrile with 

3 Q phosphorous oxychloride in pyridine. The nitrile intermediate B3 1 can 
now be transformed to a piperidine of formula B32 wherein X, Y = H and 
Rll is a IH-tetrazole, by heating it with trimethyltin azide in an inert 
solvent like toluene or xylenes. The protecting group L may be removed 
and elaborated to compounds of formula I by using chemistry detailed in 
Schemes 1-8. 
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B32 

Other heterocycle bearing piperidines of formula B32 can 
also be prepared from intermediate B31 as shown in Scheme B16. 
Treatment of the nitrile B3 1 with anhydrous hydrochloric acid in dry 
ethanol gives imino-ether of formula B33. Addition of formyl hydrazine 
to B33 followed by heating of the intermediate in an inert solvent like 
toluene provides a piperidine of formula B32, wherein X, Y = H and Rn 
is a 1,2,4-triazole. Alternatively, carbomethoxyhydrazine can be added 
to unino-ether B33 and cyclized to provide B32, wherein X, Y = H and 
25 Rn is a triazolinone. Reaction of B33 with dihydroxyacetone in 

methanolic ammonia at high pressure gives B32, wherein X, Y = H and 
Rl 1 is a hydroxymethyl imidazole. The protecting group L can be 
removed by methods familiar to those skilled in the art and elaborated to 
compounds of formula I by using chemistry detailed in Schemes 1-8. 

Furthermore, acids, acid chlorides, nitriles, and imino-ethers 
serve as key intermediates in the preparation of a number of other alkyl, 
phenyl, hydroxy, and amino-substimted heterocycles. Many of the 
methods are documented m A.R. Katrizky, Handbook of Heterocvclic 
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Chemistrv . Pergamon Press, 1985, New York, New York, and may be 
used to synthesize a variety of heterocycle bearing compounds. 



10 



15 




Other applicable routes for the synthesis of mono- and di- 
substituted pyrrolidines , piperidines , and hexahydro-lH-azepines of 
formula n (n=l or 2) are known in the literature. For example, J. J. Plati 

20 and W. Wenner (J. Org. Chem .. l£ 543 (1949)) have demonstrated that 
the ketoamine intermediate B34 may be elaborated to B35 (n^l, 2, 3) 
under aldol condensation conditions. Dehydroxylation of B35 can be 
achieved by a number of methods including a catalytic hydrogenation 
method that utilizes palladium catalysts in a protic solvent like methanol. 

25 Removal of L from B36 can be carried out methods, including the ACE- 
Cl method as described in R. Olofson et al. (J. Org. Chem .. 42, 2795 
(1984)). 
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The synthesis of 3,4-disubstituted piperidines of 

g formula 2 (n=2) can be conveniently prepared by literature procedures. 
Illustrated below is one of these general methods. G. T. Boirett has 
demonstrated the synthesis of sis 3,4-disubstituted piperidine B39 (US 
Patent 4,861,893) from the commercially available ethyl nicotinate and 
the Grignard reagent RsMgBr where R3 is defined in formula I. The 

Q ester functionality of B38 may be further modified through conventional 
chemistry to provide other functional groups X as defined in the scope of 
the invention. Illustrated here are some, but by no means all, the methods 
available to prepare functional groups X. For example, the ester of B38 
can be hydrolyzed to give the corresponding carboxylic acid B39 

g (X=C02H); B39 may then be converted to amides (X=CONR2R2) by a 
simple peptide-type coupling reaction, to ureas or carbamates (X= 
NC(0)NR2R2, NC(0)0R2) by the Curtius rearrangement (Smith, Org. 
React., 2., 337 (1946)) followed by trapping of the isocyanate 
intermediate with amines or alcohols or to an hydroxymethyl unit 

^ (X=CH20R2) by borane reduction. The acid B39 can also be converted 
to a nitrile and then elaborated to heterocyclic compounds (X=tetrazolyl, 
triazolyl, triazolinolyl etc.) by the procedures described in Schemes B15 
and B 16. The carboxylic acid B39 (X=C02H) can also be converted into 
its higher homologue B39 (X=CH2C02H) by an Amdt-Eistert reaction 
and further derivatized by methods which have been described above. 
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The cis 3,4-disubstituted piperidines B38 can be 
converted to trans 3,4-disubstituted piperidines B40 as shown in Scheme 

10 B 19 by treating B38 with a catalytic amount of base such as sodium 

ethoxide in protic solvent. Once again, the ester functional group of B40 
can be further modified by methods familiar to those skilled in the art, 
including the procedures described in Scheme B 18. The protecting group 
L from compounds of formulas B39 and B41 can be removed through 

1 5 conventional chemistry and elaborated to compounds of formula I by 
using chemistry described above. 
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As described in Scheme B20, cis 3,4-disubstituted 
piperidines of formula B43 can be prepared by the addition of B42 to 
ethyl nicotinate by the procedure of G.T. Borrett (U.S. Patent No. 
4,861,893). The acetal protecting group can be removed by a number of 
methods familiar to those skilled in the art. The resulting aldehyde B44 
serves as a key intermediate for the synthesis of highly functionalized 
3,4-disubstituted piperidines. The aldehyde B44 can be oxidized to the 
corresponding carboxylic acid B45 and then further elaborated to a 
variety of functional groups such as amides, ureas, carbamates, 
acylsulfonamides and etc. Some examples of these transformations are 
discussed in connection with Scheme B14. 
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Compound B44 can also be converted to an a, P- 
unsaturated ester or nitrile by an Emmons reaction. The resulting 
unsaturated ester or nitrile can be hydrogenated using a catalytic amount 
of palladium or platinum under hydrogen atmosphere. The diester B45 
(X=C02Et, E=C02Et) as shown in Scheme B21 can be selectively 
hydrolyzed to corresponding acid B45 (X=C02Et, E=C02H) which can 
be further elaborated to variety of functional groups by a number of 
methods. Compounds of formula B31 (X=C02Et, E=CN) can be 
transformed to compounds of formula 32 (X=C02Et, Y=H, Ri 1=1H- 
tetrazole) by heating B31 with trimethyl azide in toluene. Altemately, 
the nitrile intermediate B31 (for example, with X=C02Et, E=CN) may 
also serves as a synthetic precursor for the synthesis of heterocycle 
bearing compounds of formula B32 pC=C02Et). Many of the synthetic 
methods as noted above in A.R. Katrizky, Handbook of Heterocyclic 
Chemistry, Pergamon Press, 1985, New York, New York, and are 
discussed in connection with Scheme B16. 

The 3,4-disubstituted compounds 2 generated by these 
synthetic protocols are racemic. Mono and disubstituted pyrrolidines and 
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hexahydro-lH-azepines 2 generated by these synthetic protocols are also 
racemic. Chiral intermediates of formula 2 are available by numerous 
methods including by the classical resolution of racemates. For example 
resolution can be achieved by the formation of diastereomeric salts of 
^ racemic amines with optically active acids such as D- and L- tartaric acid. 
The determination of the absolute stereochemistry can be accomplished 
in a number of ways including X-ray crystallography of a suitable 
crystalline derivative such as a D- or L- tartaric acid salt. Alternatively, 
asymmetric synthesis can be carried out to synthesize optically pure 
compounds. 

Furthermore, the racemic intermediates of formula 2 can be 
derivatized with chiral reagents and these products may be separated by 
chromatography and chiral compounds of formula 2 may be regenerated 
from them by hydrolysis, or as stated earlier, racemic intermediates of 
formula 2 can be converted directly to growth hormone secretagogues, 
and the resulting diastereomeric mixtures can be separated by 
chromatography to yield the enantiomerically pure compounds. 
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fj^ Hydrogenation r^'^N 

C13a C13 ^ ^ 

3-Monosubstituted piperidines of formula C13 can be 
prepared by the reduction of pyridine derivatives or their salts by 
hydrogenation in a suitable organic solvent such as water, acetic acid, 
alcohol, e.g. ethanol, or their mixture, in the presence of a noble metal 
catalyst such as platinum or an oxide thereof on a support such as 
activated carbon, and conveniently at room temperature and atmospheric 
pressure or under elevated temperature and pressure. 3-Monosubstituted 
piperidines can also be prepared by modification of the X or Y moiety of 
the existing 3-monosubstituted piperidines. 
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SCHEMEC9A 



DBH/THF W 



m Mo 2) Hg/Pd/C D 
COgMe 3)Hbl/R0H ci3b 

3-Monosubstituted pyrrolidines are commercially available 
or can be conveniently prepared by literature procedures. Shown in 
Scheme C9A is an example of the preparation of these compounds via 

10 pyrrolidine-3-carboxylic acid ester. The commercially available 

compound methyl l-benzyl-4-oxo-3-pyrrolidinecarboxylate is reduced by 
borane (J. Chem. Soc . 24, 1618-1619). Removal of the benzyl group by 
catalytic hydrogenolysis followed by ester exchange in an appropriate 
alcohol medium such as ethyl alcohol in the presence of acid gave the 

15 compound CI 3b. The ester functionality may be farther modified 
through conventional chemistry to other groups as defined by X. 
3-Monosubstituted p3aTolidines may also be prepared by catalytic 
hydrogenation of 3-substimted pjrrroles. 

20 SCHEME C9B 



COoR 



C13c 

Hexahydro-lH-azepines are commercially available or may 
be prepared by the literature procedure. Hexahydro-lH-azepine-3- 
carboxylic acid (Krogsgaard-Larsen, P. et al.. Acta. Chem. Scand .. B32 . 
327, (1978)) is esterified in an alcohol solvent in the presence of acid. 
The ester functionality may be further modified through conventional 
chemistry to other groups within the definition of X. 
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SCHEME CIQ 

H L 
(CH2^J^ Protection {CH^^^ 

^X 

C13 C14 



(CH2) ^ removal of L 



Base/ 

activated Y- 




C2 

Illustrated in Scheme CIO is a general way to prepare di- 
substituted piperidines, pyrrolidines, and hexahydro-lH-azepines. 
Compounds of Formula CI 3 wherein X is an electron withdrawing group 
such as -CN, -CO2R8. where Rg is alkyl, aryl, and (Cl-C4alkyl)aryl are 
known compounds or may be prepared by methods analogous to those 

20 used for the preparation of such known compounds. The secondary 
amine of compounds of Formula CI 3 may be first protected by a 
protecting group L such as BOC and CBZ using the conventional 
techniques. Introduction of the Y substitution can be achieved by first 
reacting compounds of Formula C14 with a strong base such as lithium 

25 bis(trimethylsilyl)amide, lithium diisopropylamide following by addition 
of alkylating or acylating reagents such as alkyl halides, aryl alkyl 
halides, acyl halides, and haloformates in a inert solvent such as THF at 
temperatures from -100° to room temperature. Thio derivatives where 
the sulfur is attached directly to an alkyl or an aryl group can be prepared 

3 0 similarly by reacting with a disulfide. The halides used in these 

reactions are either commercially available or known compounds in the 
literature or may be prepared by methods analogous to those used for the 
preparation of known compounds. The protecting group L in compounds 
of formula CI 5 may be removed with conventional chemistry to give 
compounds of Formula 2. 
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SCHEME CI 1 
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Alternative ways of preparing compounds of Formula 2 
include construction of the ring itself (Jacoby, R. L. et al, J. Med. Chem .. 
17, 453-455, (1974)). Alkylation of the cyanoacetates of general formula 
CI 6, which are commercially available or may be prepared from 
literature procedures, with alkyl dihalides such as l-bromo-2- 
chloroethane or l-bromo-3-chloropropane yields the chloride C17. 
Reduction of the nitriles C17 by borane or by hydrogenation using Raney 
Ni as a catalyst gives the corresponding primary amines, which upon 
refluxing in ethanol to give compounds of Formula 2a. 
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SCHEME CI 2 
Br(CH2)nC02Et EtOgC 



orCH2CHC02Et 



reduction 



^C02Et 



CN 

Y (CH2)n 
CI 8 C02Et 



reduction 
ofCN 



H 

(CH2)n- 
C19 



^COgEt 



Alternatively, the cyanoacetates of general formula C16 may 
be alkylated with an ethoxycarbonylalkyl bromide or reacted with ethyl 
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acrylate to give compounds of Formula CI 8. Reduction of the nitriles 
G18 by borane or by hydrogenation using Raney Ni as a catalyst gives 
the corresponding primary amines, which upon refluxing in ethanol gives 
lactam C19. Reduction of the lactam C19 by borane gives compounds of 
Formula C2a. 



SCHEME m 



10 



15 



EtOgC^COgEt 
Y 

C20 



n(H2C) 
L 



H 



reduction 



Y 
C2a 



COgEt 



EtOaCs^^^COgEt 
r(CH2)n 



C21 



CN 



reduction 



H 



Y 
C22 



COaEt 



Alternatively, a malonate of general formula C20 may be 
alkylated with cyanoalkyl bromide or can be reacted with acrylonitrile to 
form compounds of formula C21. Reduction of the nitriles C21 by 
borane or by hydrogenation using Raney Ni as a catalyst gives the 
corresponding primary amines, which upon refluxing in ethanol gives 
lactam C22. Reduction of the lactam C22 by borane gives compounds of 
formula C2a. 



30 
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SCHEME CI 4 
L 

^ — ^COgH 



CH2Br2 
sBases 



C23 




CONR2R3 
or ester 




Amdt-Eistert 
reaction 



CH2CO2R or 
amide 



The X, Y functionalities in compounds of general structure 
CI 5 may be further elaborated to groups not accessible by direct 
alkylation. For example in Compound C15 when X = C02Et the ester 
(provided that this is the only ester group in the molecule) can be 
saponified to the carboxylic acid, which can be further derivatized to 
amides or other esters. The carboxylic acid can be converted into its next 
higher homologue, or to a derivative of the homologous acid, such as 
amide or ester by an Amdt-Eistert reaction. Alternatively, the ester can 
be directly homologated by the protocol using ynolate anions described 
by C. J, Kowalski and R. E, Reddy in J. Org, Chem, . 57, 7194-7208 
(1992). The resulting acid and/or ester may be converted to the next 
higher homologue, and so on and so forth. The protecting group L may 
be removed through conventional chemistry. 
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The ester in C15a may be reduced to an alcohol C18 in a 
suitable solvent such as THF or ether with a reducing agent such as 
DIBAL-H and conveniently carried out at temperatures from -100°C to 
0**C. The alcohol may be acylated to Compound C19 in a suitable 
solvent such as dichloromethane using an acyl halide or acid anhydride in 
the presence of a base such as triethyl amine (TEA). The hydroxy group 
in CI 8 may also be converted to a good leaving group such as mesylate 
and displaced by a nucleophile such as cyanide, a thiol or an azide. 
Reduction of the azide in compounds of Formula C20 to an amine C21 
can be achieved by hydrogenation in the presence of a noble metal such 
as palladium or its oxide or Raney nickel in a protic solvent such as 
ethanol. The nitrile can be reduced to afford the homologous amine. The 
amine of Formula C21 may be further elaborated to amides, ureas 
sulfonamides as defined by X through conventional chemistry. The 
protecting group L may be removed through conventional chemistry. 
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In cases where oxygen is directly attached to the ring, a 
convenient method involves the addition reaction by an activated form of 
an alkyl, aryl, alkylaryl group, such as lithium reagent, Grignard reagents, 
and the like with a ketone of general formula C28, which is commercially 
available. Further derivatization of the resulting hydroxy group by 
acylation, sulfonylation, alkylation, and the like gives compounds as 
defined by Y or X through conventional chemistry. Removal of the 
benzyl protective group may be carried out under the usual conditions to 
give compounds of general formula C2b. Shown in Scheme C16 is a 
general example of acylations. 
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NHCOR deprotection 
C2c ^ C32 
15 I" 

cases where a nitrogen-substituted group is directly attached to 
the ring, a convenient method is to use the Curtius rearrangement on the 
acid €23 to afford the isocyanate C3 1 . Addition of amines or alcohols 
give ureas or carbamates respectively which can be depiotected to 
remove L to give special cases of compounds of formula C2. Conversion 

20 of the isocyanate to amine by hydrolysis gives compound C32. Further 
derivatization of the resulting amine group by acylation, sulfonylation, 
alkylation, and the like to give compounds as defined by Y or X can be 
done through conventional chemistry. Removal of the protective group L 
may be carried out under the usual conditions to give compounds of 

2 5 general formula C2c. Shown in Scheme C17 is a general example of 
acylations. 
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Eor compounds that are not readily obtainable by direct 
alkylation as shown in Scheme CIO, modifications of easily obtainable 
compounds of general formula C15 may be conducted to achieve the 
desired substitution through conventional chemistry. For example, 
compounds with Y being hydroxybenzyl may be prepared by 
demethylation of the corresponding compound wherein Y is 
methoxybenzyl. Similarly, compounds with Y being aminobenzyl may 
be prepared by reduction of the corresponding compound wherein Y is 
nitrobenzyl. Shown in Scheme CI 8 is an example of a procedure that 
uses nitrile as a starting point for the preparation of compounds with 
different substitutions. Removal of the protective group L gives 
compounds of general formula C2 as described in Scheme CIO. 

Compounds of the general formula C2 prepared in this way 
are racemic when X and Y are not identical. Resolution of the two 
enatiomers can be conveniently achieved by classical crystallization 
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methods by using a chiral acid such as L- or D-tartaric acid, (+) or (-)-lO- 
camphorsulfonic acid in a suitable solvent such as acetone, water, 
alcohol, ether, acetate or their mixture. Alternatively, the racemic amine 
C2 can be reacted with a chiral auxiliary such as (R) or (S)-0- 
acetyhnandelic acid followed by chromatographic separation of the two 
diastereomers, and removal of the chiral auxiliary by hydrolysis. 
Alternatively asyrunetric alkylation can also be utihzed for the synthesis 
of optically active intermediate by introducing a removable chiral 
auxiliary in X or in place of L with subsequent chromatographic 
separation of diastereomers. 

In cases where a sulfide is present in the molecule, it may be 
oxidized to a sulfoxide or to a sulfone with oxidizing agents such as 
sodium periodate, m-chloroperbenzoic acid or Oxone® in an solvent 
such as dichloromethane, alcohol or water or their mixmres. 

The compounds of the present invention may also be 
prepared from a variety of substitoted natural and unnatural amino acids 
of formula D46. The preparation of many of these acids is described in 
US Patent No. 5,206,237. The preparation of these intermediates in 
racemic form is accomplished by classical methods familiar to those 
skilled in the art (Williams, R. M. "Synthesis of Optically Active a- Amino 
Acids" Pergamon Press: Oxford, 1989; Vol. 7). Several methods exist to 
resolve (DL)- 

H R 



CO2H 



D46 

amino acids. One of the common methods is to resolve amino or 
carboxyl protected intermediates by crystallization of salts derived from 
30 optically active acids or amines. Alternatively, the amino group of 

carboxyl protected intermediates may be coupled to optically active acids 
by using chemistry described earlier. Separation of the individual 
diastereomers either by chromatographic techniques or by crystallization 
followed by hydrolysis of the chiral amide furnishes resolved amino 
acids. Similarly, amino protected intermediates may be converted to a 
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mixture of chiral diastereomeric esters and amides. Separation of the 
mixture using methods described above and hydrolysis of the individual 
diastereomers provides (D) and (L) amino acids. Finally, an enzymatic 
method to resolve N-acetyl derivatives of (DL)-amino acids has been 
reported by Whitesides and coworkers in J. Am. Chem. Soc. 1989, Hi, 
6354-6364. 

When it is desirable to synthesize these intermediates in 
optically pure form, established methods include: (1) asynmietric 
electrophilic amination of chiral enolates (J. Am. Chem. Soc. 1986, 108 , 
6394-6395, 6395-6397, and 6397-6399), (2) asymmetric nucleophilic 
amination of optically active carbonyl derivatives, (7. Am. Chem. Soc. 
1992, 114, 1906; Tetrahedron Lett. 1987, 2S, 32), (3) diastereoselective 
alkylation of chiral glycine enolate synthons (/. Am. Chem. Soc. 1991, 
113 , 9276; J. Org. Chem. 1989, 54, 3916), (4) diastereoselective 
nucleophilic addition to a chiral electrophilic glycinate synthon (J. Am. 
Chem. Soc. 1986, 108 , 1 103), (5) asynmietric hydrogenation of prochiral 
dehydroamino acid derivatives ('Asymmetric Synthesis, Chiral Catalysis; 
Morrison, J. D., Ed; Academic Press: Orlando, FL, 1985; Vol 5), and (6) 
enzymatic syntheses (Angew. Chem. Int. Ed. Engl. 1978, J 7, 176). 
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SCHEME D14 
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t-Boc 



D47 




1) TFA D48 

10 2)PdCl2/H2 




D49 

For example, alkylation of the enolate of diphenyloxazinone 
D47 (J. Am. Chem. Soc. 1991, 112, 9276) with cinnamyl bromide m the 
presence of sodium bis(trimethylsilyl)amide proceeds smoothly to afford 
D48 which is converted into the desired (D)-2-amino-5-phenylpentanoic 
acid D49 by removing the N-t-butyloxycarbonyl group with 
trifluoroacetic acid and hydrogenation over a PdCl2 catalyst (Scheme 
D14). 

SCHEME D15 

25 H H 

I NaH/DMF " 

COgH COgH 
D50 D51 

Intermediates of formula D46 which are O-benzyl-(D)- 
serine derivatives D51 are conveniently prepared from suitably 
substituted benzyl halides and N-protected-(D)-serine D50. The 
protecting group L is conveniently a BOC or a CBZ group. Benzylation 
of D64 can be achieved by a number of methods well known in the 
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literature including deprotonation with two equivalents of sodium hydride 
in an inert solvent such as DMF followed by treatment with one 
equivalent of a variety of benzyl halides (Synthesis 1989, 36) as shown in 
Scheme D15. 

^ The 0-alkyl-(D)-serine derivatives may also be prepared 

using an alkylation protocol. Other methods that could be utilized to 
prepare (D)-serine derivatives of formula D51 include the acid catalyzed 
benzylation of carboxyl protected intermediates derived from D50 with 
reagents of formula ArCH20C(=NH)CCl3 (O. Yonemitsu si al., Chem. 

^° Pharm. Bull. 1988, M, 4244). Alternatively, alkylation of the chiral 
gylcine enolates (/. Am. Chem. Soc. 1991, 113, 9276; J. Org. Chem. 
1989, 54, 3916) with ArCH20CH2X where X is a leaving group affords 
D51. In addition D,L-0-aryl(alkyl)serines may be prepared and resolved 
by methods described above. 

It is noted that in some situations the order of carrying 
out the foregoing reaction schemes may be varied to facilitate the 
reaction or to avoid unwanted reaction products. 

The utility of the compounds of the present invention as 
growth hormone secretagogues may be demonstrated by methodology 

^° known in the art, such as an assay described by Smith , et al.. Science . 
2^, 1640-1643 (1993) (see text of Figure 2 therein). In particular, all 
of the compounds prepared in the following examples had activity as 
growth hormone secretagogues in the aforementioned assay. Such a 
result is indicative of the intrinsic activity of the present compounds as 
growth hormone secretagogues. 

The growth hormone releasing compounds of Formula I 
are useful in vitro as unique tools for understanding how growth 
hormone secretion is regulated at the pituitary level. This includes use 
in the evaluation of many factors thought or known to influence 

30 

growth hormone secretion such as age, sex, nutritional factors, 
glucose, amino acids, fatty acids, as well as fasting and non-fasting 
states. In addition, the compounds of this invention can be used in the 
evaluation of how other hormones modify growth hormone releasing 
activity. For example, it has already been estabUshed that 
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somatostatin inhibits growth honnone release. Other hormones that 
are important and in need of study as to their effect on growth 
honnone release include the gonadal hormones, e.g., testosterone, 
estradiol, and progesterone; the adrenal hormones, e.g., Cortisol and 
other corticoids, epinephrine and norepinephrine; the pancreatic and 
gastrointestinal hormones, e.g., insulin, glucagon, gastrin, secretin; the 
vasoactive peptides, e.g., bombesin, the neurokinins; and the thyroid 
hormones, e.g., thyroxine and triiodothyronine. The compounds of 
Formula I can also be employed to investigate the possible negative or 
positive feedback effects of some of the pituitary hormones, e.g., 
growth hormone and endorphin peptides, on the pituitary to modify 
growth hormone release. Of particular scientific importance is the use 
of these compounds to elucidate the subcellular mechanisms 
mediating the release of growth honnone. 

The compounds of Formula I may be administered to 
animals, including man, to release growth hormone in vivo. For 
example, the compounds can be administered to commercially 
important animals such as swine, cattle, sheep and the like to 
accelerate and increase their rate and extent of growth, to improve 
feed efficiency and to increase milk production in such animals. In 
addition, these compounds can be administered to humans in vivo as a 
diagnostic tool to directly determine whether the pituitary is capable 
of releasing growth hormone. For example, the compounds of 
Formula I can be administered in vivo to children. Serum samples 
taken before and after such administration can be assayed for growth 
hormone. Comparison of the amounts of growth hormone in each of 
these samples would be a means for directly determining the ability of 
the patient's pituitary to release growth hormone. 

Accordingly, the present invention includes within its 
scope pharmaceutical compositions comprising, as an active 
ingredient, at least one of the compounds of Formula I in association 
with a pharmaceutical carrier or diluent. Optionally, the active 
ingredient of the pharmaceutical compositions can comprise an 
anabohc agent in addition to at least one of the compounds of Formula 
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I or another composition which exhibits a different activity, e.g., an 
antibiotic growth permittant or an agent to treat osteoporosis or in 
combination with a corticosteroid to minimize the catabolic side 
effects or with other pharmaceutically active materials wherein the 
combination enhances efficacy and minimizes side effects. 

Growth promoting and anabolic agents include, but are 
not limited to TRH, diethylstilbesterol, estrogens, P-agonists, 
theophylline, anabolic steroids, enkephalins, E series prostaglandins, 
compounds disclosed in U.S. Patent No. 3,239,345, e.g., zeranol, and 
compounds disclosed in U.S. Patent No. 4,036,979, e.g., sulbenox or 
peptides disclosed in U.S. Patent No. 4,41 1,890. 

A still further use of the growth hormone secretagogues 
of this invention is in combination with other growth hormone 
secretagogues such as the growth hormone releasing peptides GHRP- 
6, GHRP-1 as described in U.S. Patent Nos. 4,41 1,890 and 
publications WO 89/071 10, WO 89/071 1 1 and B-HT920 as well as 
hexarelin and the newly discovered GHRP-2 as described in WO 
93/04081 or growth hormone releasing hormone (GHRH, also 
designated GRF) and its analogs or growth hormone and its analogs or 
somatomedins including IGF-1 and IGF-2 or a- adrenergic aginists 
such as clonidine or serotonin 5HTID agonists such as sumitriptan or 
agents which inhibit somatostatin or its release such as physostigmine 
and pyridostigmine. 

As is well known to those skilled in the art, the known and 
potential uses of growth hormone are varied and multimdinous. The 
administration of the compounds of this invention for purposes of 
stimulating the release of endogenous growth hormone can have the same 
effects or uses as growth hormone itself. These varied uses of the present 
compounds thus may be summarized as follows: stimulating growth 
hormone release in elderly humans; treating growth hormone deficient 
adults; prevention of catabolic side effects of glucocorticoids; treatment 
of osteoporosis; stimulation of the immune system, acceleration of wound 
healing; accelerating bone fracture repair; treatment of growth 
retardation; treating acute or chronic renal failure or insufficiency; 
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treatment of physiological short stature, including growth hormone 
deficient children; treating short stature associated with chronic illness; 
treatment of obesity and growth retardation associated with obesity; 
treating growth retardation associated with Prader-WilU syndrome and 
Turner's syndrome; accelerating the recovery and reducing 
hospitalization of bum patients or following major surgery such as 
gastrointestinal surgery; treatment of intrauterine growth retardation, and 
skeletal dysplasia, treatment of peripheral neuropathies; replacement of 
growth hormone in stressed patients; treatment of osteochondrody- 
splasias, Noonans syndrome, schizophrenia, depression, Alzheimer's 
disease, delayed wound healing, and psychosocial deprivation; treatment 
of puhnonary dysfunction and ventilator dependency; attenuation of 
protein catabolic response after a major operation; treating malabsorption 
syndromes; reducing cachexia and protein loss due to chronic illness such 
as cancer or AIDS; accelerating weight gain and protein accretion in 
patients on TPN (total parenteral nutrition); treatment of 
hyperinsulinemia including nesidioblastosis; adjuvant treatment for 
ovulation induction and to prevent and treat gastric and duodenal ulcers; 
to stimulate thymic development and prevent the age-related decline of 
thymic function; adjunctive therapy for patients on chronic hemodialysis; 
treatment of immunosuppressed patients and to enhance antibody 
response following vaccination; increasing the total lymphocyte count of 
a human, in particular, increasing the T4/T8-cell ratio in a human with a 
depressed T4/T8-cell ratio resulting, for example, from physical trauma, 
such as closed head injury, or from infection, such as bacterial or viral 
infection, especially infection with the human immunodeficiency virus; 
improvement in muscle strength, mobility, maintenance of skin thiclcness, 
metabolic homeostasis, renal hemeostasis in the frail elderly; stimulation 
of osteoblasts, bone remodelling, and cartilage growth; stimulation of the 
immune system in companion animals and treatment of disorders of 
aging in companion animals; growth promotant in livestock; and 
stimulation of wool growth in sheep. Further, the instant compounds are 
useful for increasing feed efficiency, promoting growth, increasing milk 
production and improving the carcass quality of livestock. 
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In particular, the instant compounds are useful in the 
prevention or treatment of a condition selected from the group consisting 
of: osteoporosis; catabolic illness; immune deficiency, including that in 
individuals with a depressed T4/T8 cell ratio; hip fracture; 
musculoskeletal impairment in the elderly; growth hormone deficiency in 
adults or in children; obesity; cachexia and protein loss due to chronic 
illness such as AIDS or cancer; and treating patients recovering from 
major surgery, wounds or bums, in a patient in need thereof. 

It will be known to those skilled in the art that there are 
numerous compounds now being used in an effort to treat the diseases or 
therapeutic indications enumerated above. Combinations of these 
therapeutic agents some of which have also been mentioned above with 
the growth hormone secretagogues of this invention will bring additional, 
complementary, and often synergistic properties to enhance the growth 
promotant, anabolic and desirable properties of these various therapeutic 
agents. In these combinations, the therapeutic agents and the growth 
hormone secretagogues of this invention may be independently present in 
dose ranges from one one-hundredth to one times the dose levels which 
are effective when these compounds and secretagogues are used singly. 

Combined therapy to inhibit bone resorption, prevent 
osteoporosis and enhance the healing of bone fractures can be illustrated 
by combinations of bisphosphonates and the growth hormone 
secretagogues of this invention. The use of bisphosphonates for these 
utilities has been reviewed, for example, by Hamdy, N.A.T., Role of 
Bisphosphonates in Metabolic Bone Diseases, Trends in Endocrinol. 
Metab.. 4, 19-25 (1993). Bisphosphonates with these utilities include 
alendronate, tiludronate, dunethyl-APD, risedronate, etidronate, YM-175, 
clodronate, pamidronate, and BM-210995. According to their potency, 
oral daily dosage levels of the bisphosphonate of between 0.1 mg and 5 g 
and daily dosage levels of the growth hormone secretagogues of this 
invention of between 0.01 mg/kg to 20 mg/kg of body weight are 
administered to patients to obtain effective treatment of osteoporosis. 

The compounds of this invention can be administered by 
oral, parenteral (e.g., intramuscular, intraperitoneal, intravenous or 
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subcutaneous injection, or implant), nasal, vaginal, rectal, sublingual, or 
topical routes of administration and can be formulated in dosage forms 
appropriate for each route of administration. 

Solid dosage forms for oral administration include capsules, 
tablets, pills, powders and granules. In such solid dosage forms, the 
active compound is admixed with at least one inert pharmaceutically 
acceptable carrier such as sucrose, lactose, or starch. Such dosage forms 
can also comprise, as is normal practice, additional substances other than 
inert diluents, e.g., lubricating agents such as magnesium stearate. In the 
case of capsules, tablets and pills, the dosage forms may also comprise 
buffering agents. Tablets and pills can additionally be prepared with 
enteric coatings. 

Liquid dosage forms for oral administration include 
pharmaceutically acceptable emulsions, solutions, suspensions, 
syrups, the elixirs containing inert diluents conmionly used in the art, 
such as water. Besides such inert diluents, compositions can also 
include adjuvants, such as wetting agents, emulsifying and suspending 
agents, and sweetening, flavoring, and perfuming agents. 

Preparations according to this invention for parenteral 
administration include sterile aqueous or non-aqueous solutions, 
suspensions, or emulsions. Examples of non-aqueous solvents or 
vehicles are propylene glycol, polyethylene glycol, vegetable oils, 
such as olive oil and com oil, gelatin, and injectable organic esters 
such as ethyl oleate. Such dosage forms may also contain adjuvants 
such as preserving, wetting, emulsifying, and dispersing agents. They 
may be sterilized by, for example, filtration through a bacteria- 
retaining filter, by incorporating sterilizing agents into the 
compositions, by irradiating the compositions, or by heating the 
compositions. They can also be manufactured in the form of sterile 
solid compositions which can be dissolved in sterile water, or some 
other sterile injectable medium immediately before use. 

Compositions for rectal or vaginal administration are 
preferably suppositories which may contain, in addition to the active 
substance, excipients such as cocoa butter or a suppository wax. 



wo 95/13069 



PCr/US94/I2816 



- 104- 

Compositions for nasal or sublingual administration are 
also prepared with standard excipients well known in the art. 

The dosage of active ingredient in the compositions of 
fliis invention may be varied; however, it is necessary that the amount 
of the active ingredient be such that a suitable dosage form is 
obtained. The selected dosage depends upon the desired therapeutic 
effect, on the route of administration, and on the duration of the 
treatment. Generally, dosage levels of between 0.0001 to 100 mg/kg. 
of body weight daily are administered to patients and animals, e.g., 
mammals, to obtain effective release of growth hormone. 

The following examples are provided for the purpose of 
further illustration only and are not intended to be limitations on the 
disclosed invention. As will be apparent, the examples and 
intermediates designated "A" correspond to the compounds of the first 
embodiment, those designated "B" correspond to the compounds of 
the second embodiment, and those designated "C" correspond to the 
compounds of the third embodiment. 



0 



5 



INTERMEDIATE 1 
H H 



OH 



H 

Step A : 





NHc 



C=0 
OBn 



To a solution of the commercially available N-t-BOC-D- 
tiyptophan (25.0 g, 82.2 mmol), benzyl alcohol (10.2 mL, 98.6 mmol), 
and DMAP (100 mg) in dichloromethane (200 mL) at 0*C, was added 
EDC (17.4 g, 90.4 nmiol) in several portions over a one hour period. The 
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10 



15 



20 



25 



reaction mixture was stirred at room temperature for six hours and was 
poured into water (200 mL), and the organic layer was separated. The 
organic solution was washed with a mixture of brine and 3 N 
hydrochloric acid, dried over anhydrous magnesium sulfate, filtered and 
concentrated to give a thick oil, which solidified upon standing. 

To a solution of this oil in 30 mL of dichloromethane was 
added 20 mL of TFA and stirred for Ih. The reaction mixture was 
concentrated, neutralized carefully with saturated aqueous sodimn 
bicarbonate solution, and extracted with dichloromethane (2X100 mL). 
The combined organic solution was washed with brine (ido mL), passed 
through a short column of silica gel eluting with 5-10% methanol in 
dichlorometiiane to give 23.2 g of the amine as an oil after evaporation. 



To a solution of the above product , HOBT (10.6 g, 78.8 
mmol) and N-BOC-a-methyl alanine (19g, 94.5 nmiol) in 200 mL of 
dichlorometiiane, was added EDC (19.5 g, 0.102 mol) in several portions 
at 0°C. After 5 minutes, the clear reaction mixture became milky. After 
stirring at room temperature overnight, the reaction mixture was poured 
into 200 mL of water and the organic layer was separated. The organic 
solution was washed with brine, and with a brine and saturated sodium 
bicarbonate solution, dried over anhydrous magnesium sulfate, filtered 
and concentrated to give a thick oil, which was purified by flash 
chromatography eluting with a gradient of 10-40% ethyl acetate in 
hexanetogive the desu-ed material (28.7 g). 



IH NMR (CDC13, 200 MHz) 68.48 (br.s, IH), 7.54 (br.d, IH), 7.38-7.23 
(m, 3H), 7.19 (br.d, 2H), 7.15-7.00 (m, IH), 6.90 (d, IH), 6.86 (d, IH), 
5.06 O^r.s, 2H). 4.95 (ddd, IH), 3.30 (2dd, 2H), 1.40 (s, 15H) 
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Step C : 



H 



A solution of the material from Step B (28.7g) in 200 mL of 
ethanol was stirred at RT under a H2 balloon for 20 minutes in the 
presence of 10% palladium on carbon (2 g). The catalyst was filtered off 
through a pad of celite and washed with ethyl acetate. The filtrate was 
concentrated to give the acid as a slightly pink foam (23.3 g). 
IH NMR (CD3OD, 400 MHz) 5 7.56 (d, J=8 Hz, 1 H), 7.31 (dd, J=l. 8 
Hz, 1 H). 7.09 (s, 1 H), 7.07 (dt, J=l, 7 Hz, 1 H), 6.98 (dt, J=l, 7 Hz, 1 
H). 4.69 (t, J=6 Hz, 1 H), 3.34-3.23 (m, 2 H), 1.35 (s, 3 H), 1.34 (s, 9 H). 
1.29 (s, 3 H). 

FAB-MS calc. for C20H27N3O5 : 389 ; Found 390 (M+H), 290 (M+H- 
100 (BOO). 

INTERMEDTATF. 2 
H 



OH 

Following flie procedures for the preparation of Intermediate 
1 using N-t-Boc-O-Benzyl-D-serine in the place of N-t-BOC-D- 
tryptophan gave Intermediate 2, 
25 FAB-MS calc. for C19H28N2O6 : 380 ; Found 381 (M+H), 325 (M+H- 
56 (t-Bu)), 281 (M+H-100 (BOC)). 



30 
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INTERMEDIATE ^ 
H 

^NHBoc 

C=0 O 

5 OH 

Step A : (DLVN-acetvl-2-amino-5-phenvlpentanoic acid 

To a solution of sodium (2.3 g, 0.1 mol) in ethanol (60 mL) 
under nitrogen at room temperature, was added diethyl 
acetamidomalonate. The mixture was stirred at room temperature for one 

10 hour, and then l-bromo-3-phenylpropane was added dropwisely. After 
the addition, the mixture was stirred at room temperature for two hours, 
then refluxed overnight. It was cooled to room temperature and 
partitioned between water and ethyl acetate. The organic layer was 
washed with sodium bicarbonate in water, dried over MgS04 and 

15 evaporated to give an intermediate (32.5 g, 97%). 

1h NMR (CDC13, 400MHz) 7.26-7.10 (m, 5 H); 6.75 (br. s, 1 H); 4.19 
(q, J=7 Hz, 4 H); 2.58 (t, J=7.9 Hz, 2 H); 2.39-2.35 (m, 2 H); 2.00 (s, 3 
H); 1.43-1.39 (m, 2 H); 1.20 (t, J=7 Hz, 6 H). 

The product above was suspended in 190 mL of 2.5 N 

2 0 NaOH in water and refluxed for two hours. The mixture was cooled to 
0*'C, and it was carefully neutralized with 6 N HCl to pH2. The 
precipitate was collected using a sintered glass funnel and washed with a 
small amount of cold water and air dried. Hie solid was then suspended 
in 300 mL of water and refluxed for four hours. The solution was cooled 

25 and acidified to pHl and the solid was collected by filtration (15.3 g, 
67%). 

iH NMR (CD30D, 400MHz) 7.26-7.12 (m, 5 H); 4.90-4.37 (m, 1 H); 
2.65-2.60 (m. 2 H); 1.97 (s, 3 H); 1.87 -1.82 (m, 1 H); 1.73-1.65 (m, 3 H). 

30 Step B : (DVN-acetvl-2-amino-5-phenvlpentanoic acid 

The racemic intermediate from the previous step (10 g, 42.5 
mmol) and CoC13-6H20 were dissolved in 21 ml of 2 N KOH and 200 
mL of water at 40°C, and the pH of the solution was adjusted to 8 by the 
addition of the several drops of 2 N KOH. Then acylase 1 (Aspergillus 
sp, 0.5 u/mg, from Sigma; 0.9 g) was added with vigorous stirring. The 



wo 95/13069 



PCTAJS94/12816 



-108- 



reaction mixture was stirred for one day at 40°C and the pH was kept at 8 
by the addition of a few drops of KOH. The solid which formed was 
filtered off. The filtrate was acidified by 3 N HCl to pH2, and was 
extracted with ethyl acetate (200 mLX4). The organic extracts were 
combined and evaporated to give a white solid (4.64 g, 46%) 
iH NMR (CD30D, 400MHz) 7.26-7.12 (m, 5 H); 4.90-4.37 (m, 1 H); 
2.65-2.60 (m, 2 H); 1.97 (s, 3 H); 1.87 -1.82 (m, 1 H); 1.73-1.65 (m, 3 H). 

StepC : fDVN-t-Boc-2-amino-5-phenylpentanoicacid 

The intermediate firom step B (4.2 g, 17.8 mmol) was 
suspended in 2 N HCl (100 mL) and refluxed for two hours. The reaction 
mixture was evaporated in vacuo to remove water and hydrochloric acid 
to yield a white solid. To a solution of this solid in 50 mL of water, was 
added 3 N NaOH until the pH 1 1, then di-t-butyl dicarbonate (4.66 g, 
21.4 mmol) was added with vigorous stirring. After four hours, the 
reaction mixture was acidified to pH2 with 3 N HCl and it was extracted 
with ethyl acetate (100 mLX3). The organic extracts were combined and 
evaporated to give a white solid (6.56 g, crude) which was used without 
purification. 



iH NMR (CD30D, 400MHz) 7.26-7.12 (m, 5 H); 4.11-4.08 (m, 1 H); 
2.65-2.60 (m, 2 H); 1.83-1.62 (m, 4 H); 1.43 (s, 9 H). 



OH 

Following the procedures for the preparation of Intermediate 1 
using (D)-N-t-Boc-2-amino-5-phenylpentanoic acid in the place of N-t- 
30 BOC-D-tryptophan gave Intermediate 3. 



iH NMR (CDCI3, 400MHz) 7.24-7.20 (m, 2H), 7.15-7.04 (m, 3H), 4.60- 
4.55 (m, IH), 2.62-2.55 (m, 2H), 2.00-1.86 (m, IH). 1.78-1.60 (m, 3H), 
1.50 (s, 6H), 1.30 (s, 9H). 



Step D : 



25 
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EXAMPLEA1 



Step A: 



To a solution of ethyl (dl) pipecolinate (1 g ), HOBT (860 
mg) and Intermediate 1 (2.47 g ) in dichloromethane (80 mL) at O^'C, was 
added EDC (2.3 g). The reaction mixture was stirred at room temperature 
overnight. The solution was washed with water, saturated sodium 

20 bicarbonate solution, and saturated sodium chloride solution, dried over 
anhydrous magnesium sulfate; then fUtered and concentrated to give a 
crude product. The crude product was purified by MPLC eluting with 
60% ethyl acetate in hexane to give the product as a mixture of two 
diastereomers (2.79 g). Separation of 500 mg of the mixture by MPLC 

25 eluting with 50% ethyl acetate in hexane yielded the two individual 

diastereomers. The diastereomer which came out of the column first was 
designated as dl (187 mg) and the stereochemistry of the pipecolinic acid 
ester was subsequently shown to be R. The one which came out last was 
designated as d2 (1 16 mg) and the stereochemistry of the pipecolinic acid 

30 ester in it is S. In addition, there were mixed fractions which were 
combined and evaporated to yield 190 mg of a mixture of dl and d2. 
dl: FAB-MS calc. for C28H40N4O6: 528 ; Found: 529 (M+H) 
d2: FAB-MS calc. for C28H40N4O6: 528 ; Found: 529 (M+H) 



wo 95/13069 



PCT/US94/12816 



-110- 



30 



Step B: 



a 



NHa HCI 



N' 

H /N^^COgEt 



A solution of the compound dl from Step A ( 140 mg) in 
ethyl acetate (5 mL) was cooled to 0°C. While stirring, hydrogen chloride 
gas was bubbled into the mixture until saturation occurred. The reaction 
was stirred for 15 minutes. The solution was then concentrated to remove 
ethyl acetate. The residue was then redissolved in dichloromethane and 
hexane followed by evaporation in vacuo to afford the product as a solid 
15 (110 mg). 

FAB-MS calc. for C23H32N4O4: 428 ; Found: 429 (M+H) 

IHNMR (400 MHz, CD3OD): compound exists as a mixture of rotamers 
(about 2:1). 7.57 (d, 1 H), 7.36 &7.32 ( 2 d, 1 H). 7.14-7.00 (m, 3 H), 
20 5.30-5.20 (m), 5.17-5.13 (m), 4.36 (d), 4.21 (q. J=7 Hz), 4.13 (q. J=7 Hz). 
4.00 (md), 3.35-3.04 (m), 2.60 (dt), 3.30 ( br. d), 2.70 -2.50 (m), 1.57 (s), 
1.55 (s), 1.52 (s), 1.50-1.20 (m), 1.33 (s), 1.27 (t, J=7 Hz), 1.21 (t, J=7 
Hz), 1.15-1.10 (m). 0.75-0.65 (m), 0.30-0.20 (m). 

25 EXAMPLE A2 

Prepared by the procedure described in Example Al, Step B 
from the intermediate d2 from Example Al, step A (40 mg) and HCI gas 
at 0°C in ethyl acetate (3 mL). Product: 28 mg. 
FAB-MS calc. for C23H32N4O4: 428 ; Found: 429 (M+H) 
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IhNMR (400 MHz, CD3OD): compound exists as a mixture of rotamers 
(about 5:1). 7.56 (d, J= 8 Hz 5/6 H), 7.50 (d, 1/6 H), 7.34 (d, J=8 Hz, 5/6 
H), 7.31 (d, 1/6 H), 7.12-7.00 (m, 3 H), 5.28 (dd, 5/6 H), 5.15-5.11 (m, 
1/6 H), 5.11-5.07 (m, 1/6 H), 5.02-4.98 (m, 5/6 H), 4.52-4.45 (m), 4.12 
(q, J=7 Hz), 4.25-4.00 (m), 3.65 (m), 3.30-3.05(m), 2.80-2.70 (m), 2.32- 
2.25 (m), 2.02-1.97 (m), 1.75-1.65 (m), 1.57 (s), 1.52 (s), 1.51 (s), 1.40- 
0.85 (m), 1.22 (t, J= 7 Hz), 0.41-0.30 (m). 

EXAMPTP. A3 

^NHa HCI 



Step A: 



NHBoc 



H .N, 



To a stirred solution of L-proline benzyl ester hydrochloride 
25 (155 mg, 0.64 mmole), Intermediate 1 (250 mg, 0.64 mmole), HOBT (1 
eq.), and NMM (0.07 mL, 0.64 nmiole) in dichloromethane at 0°, was 
added EDC (246 mg, 1.28 mmole). The reaction mixture was stirred at 
0° overnight, and then partitioned between 3 N HQ and ethyl acetate. 
The organic layer was washed with brine and saturated sodium 
30 bicarbonate and dried and evaporated. MPLC purification eluting with 
50% ethyl acetate gave the intermediate tripeptide benzyl ester( 338 mg, 
91.5%). 

FAB-MS calc. for C32H40N4O6: 576 ; Found: 577 (M+H) 
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10 



15 



20 



Step B: 



N I 

.rt\C02Bn 



Prepared by the procedure described in Example Al, Step B 
from the intermediate from the previous step (280 mg) and HCl gas in 
ethyl acetate (10 mL) at O^C . Reaction time: 25 minutes. Product: 218 
mg. 

FAB-MS calc. for C27H32N4O4: 476 ; Found: 477 (M+H) 
iHNMR (400 MHz, CD3OD ): 8.20 (d), 7.54 (d, J=7.9 Hz, IH) 7.34-7.00 
(m. 9H), 5.11 (dd, J=4.2 Hz, 16.5 Hz, 2H), 4.99-4.94 (m, IH), 4.23-4.20 
(m, 1 H), 3.58-3.53 (m. IH), 3.31-3.13 (m, 2H), 2.77-2.75 (m, IH), 1.71- 
1.60 (m, 3H) 1.55 (s, 3H), 1.51 (s, 3H), 1.37-1.33 (m, IH). 

EXAMPLE A4 

^ NH2 HCl 



N' 

H ^N^-COaBn 



25 



Step A :. (dlVPipecolinic acid, benzvl ester 

A solution of (dl)-pipecolinic acid (25g), p- toluenesulfonic 
acid (38g), and benzyl alcohol (84g) in toluene (200 mL) was refluxed 
30 under azeotropic conditions for one day. The solution was cooled to room 
temperature and the resulting crystals were collected to give the desired 
product (52.4 g). The product was washed with 3 N NaOH to remove 
toluenesulfonic acid, and then reacted with HCl gas in ethyl acetate to 
convert it to the hydrochloride salt. 
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Step B: 



0" 



H ^N^-COaBn 



Prepared by the procedure described in Example A3, Step A 
from (dl)-pipecolinic acid benzyl ester hydrochloride (3.5 g). 
Intermediate 1 (5.00 g), HOBt (1.74 g), NMM (1.42 mL) and EDC (3.94 
g). Product: 6.32 g 

FAB-MS calc. for C33H42N4O6: 590 ; Found: 591 (M+H) 



15 StepC; 



20 



NH2 HCI 



N' 

H /N>^C02Bn 



Prepared by the procedure described in Example Al, Step B 
from the intermediate from the previous step (250 mg) and HCI gas in 
ethyl acetate at 0°C to give the title compound (21 1 mg) 
25 FAB-MS calc. for C28H34N4O4: 490 ; Found: 491 (M+H) 

EXAMPLE A5 

" NH2 HCI 



30 



a 



H /N^^CONHEt 
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15 



20 



25 



Step A: 



" Of"" 



NHBoc 

CO2H 



A suspension of the product from Example A4, step B (5.30 
10 g) and 10% palladium on carbon (270 mg) in ethanol (100 mL) was 
stirred under a hydrogen balloon for 3 hours. The reaction mixture was 
filtered through celite, evaporated to give the acid ( 4.48g). 



30 



Step B: 

Prepared similarly by the procedure described in Example 
A3, Step A firom the acid intermediate from the previous step (200 mg), 
ethyl amine hydrochloride (27 mg), HOBt (54 mg), NMM (0.07 mL), and 
EDC (154 mg) to give a mixture of two diastereomers, which were 
separated by MPLC eluting with ethyl acetate. The isomer which came 
out of the column first was designated as dl (76 mg) , and the isomer 
which came out second as d2 (165 mg). 
dl FAB-MS calc. for C28H41N5O5: 527 ; Found: 528 (M+H) 
d2 FAB-MS calc. for C28H41N5O5: 527 ; Found: 528 (M+H) 
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Step C: 



5 




Prepared similarly by the procedure described in Example 
Al , Step B from intermediate from the previous step (dl) (60 mg) and 
HCI gas in ethyl acetate (5 mL) at 0°C to give the title compound (38 
mg). Reaction time: 20 minutes. 

FAB-MS calc. for C23H33N5O3: 427 ; Found: 428 (M+H) 
iHNMR (400 MHz, CD3OD ): d 7.63 - 7.00 (m, 5 H). 5.33 (t), 5.40 - 
15 5.25 (m), 5.11 - 5.09 (m), 4.32 (br. d), 4.16 - 4.12 (m), 4.00 (md), 3.35 - 
3.03 (m), 2.96 (q, J = 7 Hz), 2.30 (dt), 2.19 (br. d), 1.95 - 1.40 (m), 1.66 
(s). 1.64 (s), 1.40 - 1.20 (m), 1.20 -1.00 (m), 1.12 (t, J = 7 Hz), 1.03 (t, J = 
7 Hz), 0.65 - 0.52 (m), -0.44 - -0.53 (m). 



EXAMPLE A6 



25 




Prepared similarly by the procedure described in Example 
Al, Step B from intermediate in Example A5 step B (d2) (100 mg) and 
HCI gas in ethyl acetate (5 mL) at O^C to give the title compound (78 
mg). Reaction time: 20 minutes. 

FAB-MS calc. for C23H33N5O3: 427 ; Found: 428 (M+H) 
iHNMR (400 MHz, CD3OD ): d 7.54 (d, J = 8 Hz, 1 H), 7.35 (d, J = 8 
Hz, 1 H), 7.16 (s, 1 H), 7.13 - 7.00 (m, 2 H), 4.98 (dd, J = 6 Hz, 10 Hz), 
4.93 (d, 4 Hz), 3.53 (br. d, J = 12 Hz, 1 H), 3.35 - 3.22 (m), 3.14 - 3.09 
(m. 1 H), 2.85 (dt, J = 3, 13 Hz, 1 H), 2.02 (br. d, J = 12 Hz), 1.65 (s, 3 
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H), 1.61 (s, 3 H), 1.10 (t, 7 Hz, 3 H), 1.05- 0.92 (m, 2 H). 0.72- 0.62 (m, 1 
H), -0.25 - -0.30 (m, 1 H). 

EXAMPLE A7 

'■NH2 HCI 



10 

Step A: 

15 



a 



Co cr- 



NHBoc 



N 
H 



ftCOaEt 



Prepared by the procedure described in Example A3, Step A 
20 from L-proline ethyl ester hydrochloride (115 mg, 0.642 rmnole), 

Intermediate 1 (250 mg, 0.642 mmole), HOBT (1 eq.), NMM(0.07 mL, 
0.642 mmole), and EDC (246 mg, 1.28 mmole). Product: 330 mg 
FAB-MS calc. for C27H40N4O6: 514 ; Found: 515 (M+H) 



25 gt^p P; 

NH2 HCI 

=0 6 

H .N, 



30 



N I 



Prepared by the procedure described in Example Al, Step B 
from the intermediate from the previous step (280 mg) and HCI gas in 
ethyl acetate (10 mL) at 0°C. Reaction time: 25 minutes. Product: 220 
mg. 
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FAB-MS calc. for C22H32N4O4: 414; Found: 415 (M+H) 
iHNMR (400 MHz, CD3OD ): 7.53 (d, J-7.9 Hz, IH), 7.34 (d, J-8.1 Hz, 
IH), 7.14-7.01 (m, 3H), 4.97-4.84 (m, IH). 4.15-4.06 (m, 3H), 3.60- 
3.53(m, IH), 3.31-3.13 (m, 2H). 2.77-2.72 (m, IH), 1.72-1.59 (m, 3H), 
1.57 (s. 3H), 1.50 (s, 3H), 1.36-1.27 (m, IH), 1.23 (t, J=7.1 Hz, 3H). 



EXAMPLE A8 



10 




Step A: 2-Cvano- 1 -hvdrox v-4-phenvlpiperidine 

To a stirred solution of 4-phenylpiperidine (10 g, 0.062 
mole) in methanol (30 mL), was added a solution of sodium tungstate 
dihydrate (0.82 g, 2.48 mmole) in water (7 mL). With stirring at 0**, 
hydrogen peroxide (30%, 13.9 mL, 0.136 mole) was added dropwise. 
After complete addition, the reaction mixture was stirred for an additional 
3 hours, and then sodium cyanide (4.56 g, 0.093 mole) was added, 
followed by 4 N HCl (22 mL, 0.088 mole). The reaction mixture was 
stirred overnight during which time it warmed to room temperature. The 
solid was collected by filtration through glass sinter funnel, and the 
solution was neutralized to pH 7 and was extracted with 
dichloromethane. The organic extract was combined with the soHd and 
dried over MgS04 and evaporated. Flash column purification eluting 
with 40% ethyl acetate in hexane gave 2-cyano-l-hydroxy-4- 
phenylpiperidine(8.6 g). 

iHNMR (400 MHz, CDCI3 ): 7.35-7.17 (m, 5 H), 6.01 (br. s, IH), 4.34 
(br. s. 1 H), 3.31 (td, J=3, 11 Hz, 1 H), 3.09 (dt, J=ll, 3 Hz, 1 H). 2.93- 
2.86 (m, IH), 2.20-2.10 (m, 2 H), 1.97-1.80 (m. 2 H). 
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Step B: 2-Cyano-4-phenvlpiperidine 

To a stirred solution of the intermediate from the previous 
step (500 mg) in methanol (10 mL) at room temperature, was added 
TiQa (10% solution in 20-30% hydrochloric acid (3 mL). The mixture 
was stirred for 15 minutes and was neutralized by addition of 3 N NaOH. 
The residue were extracted with dichloromethane four times and the 
organic extracts was combined, dried over MgS04, and evaporated to 
give 450 mg of 2-cyano 4-phenylpiperidine, which was used without 
further purification. 



15 



20 




Following the procedure from Example A3, Step A, using 
the intermediate from the previous step, afforded two compounds after 
MPLC purification eluting with 60% ethyl acetate in hexane. The one 
which came out of the column first was designated as diastereomer 1, and 
the other one as diastereomer 2. 

dl: FAB-MS calc. for C32H39N5O4: 557 ; Found: 558 (M+H) 
d2: FAB-MS calc. for C32H39N5O4: 557 ; Found: 558 (M+H) 



30 
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Step D: 



H 




Following the experimental procedure from Example Al, 
Step B using products from the previous step and HCl gas in ethyl acetate 
at 0**C gave the desired products. 

dl: FAB-MS calc. for C27H31N5O2: 457 ; Found: 458 (M+H) 
d2: FAB-MS calc. for C27H31N5O2: 457 ; Found: 458 (M+H) 



EXAMPLE A9 
H 



J 9=0 O 

H ^N^COgEt 




Step A: 2-Cvano-4-phenvlpvridine 

To a stirred solution of 4-phenylpyridine N-oxide (25 g, 
0.146 mmol) in dichloromethane (200 ml) at room temperature was 
added trimethylsilyl cyanide (17.4 g), followed by the slow addition of 
dimethyl carbamyl chloride (16.2 ml) in dichloromethane (50 ml) over a 
30 minute period. The reaction mixture was stirred at room temperature 
for one day, and then to it potassium carbonate solution (10%, 150 ml) 
was added slowly. Stirring continued for an additional 30 minutes, the 
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organic layer was separated, and the aqueous layer was extracted with 
dichloromethane. The extracts were combined and dried over 
magnesium sulfate. Evaporation in vacuo gave a crude reaction product 
(35 g) as a white solid. It was used without further purification. 
FAB-MS calc. for C12H8N2: 180 ; Found: 181 (M+H) 
IHNMR (400 MHz, CD30D): 8.71 (dd, 1 H), 8.19 (dd, IH). 7.94 (dd, 1 
H), 7.81 -7.78 (m, 2 H), 7.56-7.50 (m, 3 H). 

StepB : 4-Phenvlpvridine-2-carboxvlic acid 
° A solution of the product from the previous step (25 g) in 

100 ml of 6N HCl was refluxed for one day. The solution was cooled to 
room temperature, at which time, crystallization started to occur. The 
crystals were filtered and collected to give the product (27.5 g, 87%). 

^ Step C: Ethvl 4-phenvlpvridine-2-carboxvlate hvdrochloride 

To a solution of the intermediate prepared in the previous 
step (5.0 g, 21.2 mmol), ethanol (2 g). DMAP (20 mg) and N-methyl 
morphoUne (1 eq.) in dichloromethane, was added EDC (1.5 eq.). The 
reaction mixture was stirred at 0°C overnight. The solution >yas washed 

° with saturated sodium bicarbonate, dried over anhydrous magnesium 
sulfate; then filtered and concentrated. Purification by MPLC eluting 
with 40% ethyl acetate in hexane gave ethyl 4-phenylpyridine-2- 
caiboxylate (3.71 g, 77%). The compound was converted to its HCl salt 

^ by treatment with HCl gas in ethyl acetate followed by evaporation. 

Step D : Ethvl 4-phenvlpiperidine-2-carhoxv1ate 

A suspension of the product from the previous step (200 mg) 
and platinum dioxide (20 mg) in ethanol was stirred under a hydrogen 
balloon for three hours. The reaction mixture was then filtered through 
° celite and evaporated. The resulting material was used without further 
purification. 
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Step E : 




To a solution of the intermediate prepared in the previous 
step (200 mg ), and Intermediate 1 (L eq.), HOBT (1 eq.), and NMM (1 
eq.) in dichloromethane was added EDC (L5 eq.) at C'C. The reaction 
mixture was stirred at O^C overnight. The solution was washed with 
1 5 saturated sodium chloride, dried over anhydrous magnesium sulfate, 
filtered and then concentrated. Purification by MPLC eluting with 50% 
ethyl acetate in hexane provided the compound as a diastereomeric 
mixture. 



20 Step F : 




To a stirred solution of the intermediate from ttie previous 
step (30 mg) in ethyl acetate (2 mL) at 0°C, was bubbled HCl gas until it 
was saturated. The reaction mixture was stirred for 15 minutes and was 
evaporated to dryness to give the product. 
FAB-MS calc. for C29H36N4O4: 504; Found 505 (M+H) 
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The additional Products shown in Table AI were prepared 
according to Example A9 Steps E and F, using Intermediate 2 or 
Intermediate 3 and the intermediate from step D. 

TABLE AI: ADDITIQNAL EX AMPT 

NH2HC1 

c=o o 

I 



10 




Product 


entry Rl 


MF 




FAB-MS (M+1) 


1 Ph(CH2)3- 


C29H39N3O4 




494 


2 PhCH20CH2- 


C28H37N3O5 




496 



Likewise the compounds shown below are prepared 
25 according to Example A9 by introduction of the 2-cyano substitutent to a 
variety of readily available substituted 4-phenylpyridines with separation 
of isomers where necessary, followed by hydrolysis, reestrification with 
anhydrous acidic ethanol and hydrogenation of the pyridine ring to 
prepare the following intermediates: 



wo 95/13069 



PCmiS94/12816 



- 123- 




which may be reacted with Intermediate 1 or 3 to give the following 
15 compounds respectively. 




wo 95/13069 



PCTAJS94/12816 




20 EXAMPLRAin 



30 



•l^^J 9=0 o 



H COjEt 

Step A : 3-Benzvlpvridine N-oxide 

A solution of 3-benzylpyridine (25 g, 0.148 mol) in 
hydrogen peroxide (30%, 15.1 mL) and acetic acid (100 mL) was 
refluxed for one day. Then more hydrogen peroxide (3 mL) was added 
and the resultiiig mixture was refluxed overnight. The reaction mixture 
was then evaporated and partitioned between a mixture of 3 N HCl, brine 
and dichloromethane. The organic layer was separated, dried and 
evaporated to give the desked compound (27.6 g, 100%). 
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StepB : 3-Benzyl-2-cvanopvridine 

Prepared according to the procedure in Example A9 step A 
from the intermediate from the previous step (27 g). The crude reaction 
product was purified by a Si02 flash column eluting with 20-40% ethyl 
acetate in hexane to give 5-benzyl-2-cyanopyridine (3.0g, 10%) and 3- 
benzyl-2-cyanopyridine (24.2 g, 85%). 

Step C : 3-Benzvlpvridine-2-carboxvlic acid hydrochloride 
A solution of 3-benzyl-2-cyanopyridine (19.1 g) in 
concentrated hydrochloric acid (50 mL) and water (50 mL) was refluxed 
for two days. The resulting solution was evaporated to give a solid 
(30. Ig 100%, which contains an equal molar amount of ammonium 
chloride). 

Step D: Ethvl 3-benzvlDvridine-2-carboxvlate hydrochloride 

Thionyl chloride (15.2 g) was carefully dissolved in ethanol 
(300 mL) and the resulting solution was added to the intermediate from 
the previous step (20 g). The mixture was refluxed overnight and then 
evaporated to give the crude product as hydrochloride salt. The crude 
product was dissolved in dichloromethane and washed with saturated 
sodium bicarbonate. The organic solution was dried, evaporated and 
purified with a short Si02 column to give the product as free base (18.2 
g). To a solution of this intermediate (16.5 g) in ethyl acetate (80 mL), 
was bubbled HCl gas until it was saturated. The mixture was then 
evaporated to give the HCl salt (18.9 g). 

Step E: Ethvl 3-ben zylpiperidine-2-carboxvlate hydrochloride 

A suspension of the product from the previous step (1.0 g) 
and platinum dioxide (100 mg) in ethanol was stirred under a hydrogen 
balloon for five hours. The reaction mixture was then filtered through 
celite and evaporated to give the desired compound. 
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25 



Step F : 



H 

^NHBoc 



To a solution of the intermediate prepared in the previous 
step (180 mg, 0.634 mmol), and Intermediate 1 (1 eq.), HOBT (1 eq.) and 

10 NMM (1 eq.) in dichloromethane, was added EDC (1.5 eq.) at O'^C. The 
reaction mixture was stirred at O^C overnight. The solution was washed 
with saturated sodium chloride, dried over anhydrous magnesium sulfate; 
then filtered and concentrated. Purification by MPLC eluting with 50% 
ethyl acetate in hexane provided two enantiomerically pure compounds. 

15 The compound which came out first from the column was designated as 
dl (146 mg); and the compound which came out of the column second 
was designated as 62 (141 g). 

dl FAB-MS calc. for C35H46N4O6: 618; Found 619 (M+H) 
d2 FAB-MS calc. for C35H46N4O6: 618; Found 619 (M+H) 



Step G : 



cis d1 

Bn 

To a stirred solution of the intermediate dl from the 
3 0 previous step (1 30 mg) in ethyl acetate (2 mL) at 0°C, was bubbled HCl 
gas until it was saturated. The reaction mixture was stirred for 15 
minutes and it was evaporated to dryness to give the product (111 mg, 
95%) 

FAB-MS calc. for C30H38N4O4: 518; Found 519 (M+H) 
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Step H : 



J 9=0 o 

H /N Co^Et 

LA«„ cisd2 



Bn 

The compound was prepared according to the procedure of 
the previous step from the intermediate d2 from Step F (130 mg). 
Product: 114mg,98% 

FAB-MS calc. for C30H38N4O4: 518; Found 519 (M+H) 

The additional products shown in Table All were prepared 
according to Example AlO Steps F and G, using Intermediate 2 or 
Intermediate 3 and the intermediate from step E. No separation of the 
diastereoisomers was observed during MPLC purification of the Boc 
precursor. 

TABLE All: ADDITIONAL EXAMPLES 



H 

NHg HCI 



c=o o 

COgEt 



Product 


entry Rl 


MF 




FAB-MS (M+1) 


1 Ph(CH2)3- 


C30H41N3O4 




508 


2 PhCH20CH2- 


C29H39N3O5 




510 
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EX AMPLE Ml 
H 



^ N CO^Et 



Step A : Diethyl piperidine-2.3-fcis)-dicarboxylate 
10 Hydrogen chloride gas was bubbled into ethanol (400 mL) 

until 22 g was absorbed. Pyridine-2,3-dicarboxylic acid (100 g) was 
dissolved in this solution and the resulting mixture was refluxed 
overnight. The reaction mixture was divided into two portions and each 
was shaken with Pt02 (1 .4 g) in Parr shakers under 40 psi of hydrogen 
15 for 8 hours. The reaction mixture was combined and filtered through 
celite and washejd with plenty of ethanol. Evaporation gave a gray solid 
which was washed with ethyl acetate to give a white solid after filtration 
(74.8 g) 



20 Step B : 



ll^^J 9=0 o 



The compound was prepared according to the procedure of 
Example Al Step A from the intermediate from the previous step (178 
mg) and Intermediate 1. Product: 234 mg FAB-MS calc. for 
30 C31H44N4O8: 600 ; Found 601 (M+H) 
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H 



The compound was prepared according to the procedure of 
Example Al Step B from the intermediate from the previous step (230 
10 mg). Product: 215 mg 

FAB-MS calc. for C26H36N4O6: 500 ; Found 501(M+H), 523 (M+Na) 

The additional intermediates shown in Table AHI were 
prepared from the corresponding pyridine analogs according to the above 
1 5 established procedures from the corresponding pyridine derivatives as 
exemplified in Example All step A and the final products were prepared 
according to Steps B and C 



20 



TABLE AIII: ADDITIONAL EXAMPLES 



25 



H Q 

Product 



30 1 H 



Intermediate (OH) 


Product 


entry MF 


MF 


FAB-MS (M+1) 


FAB-MS (M+1) 



aCHa C24H34N4O4 
443 
QOgEt diastereomeric 
mixture 
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2 




H 



C25H36N404 

457 

diastereomeiic 
mixture 




CH3 
H 

N^CHg 



C25H36N4O4 
457 

diastereomeiic 
mixture 



10 



15 



20 



25 



^iThe intermediate was prepared by epimerization of its all cis isomer 
with KHMDS in THF. 



StgP A: Diethyl N-B oc-piperidine-rcisV2.^-dicarboxvlate 

To a stilted solution of the intermediate from Example Al 1 
Step A (10 g, 37.6 mmol) and triethylamine (6.4 mL) in dichloromethane 
(50 mL), was added di-t-butyl dicaibonate (10.7 g) and the resultmg 
mixmre was stirred at room temperature overnight. The reaction mixture 
was diluted with dichloromethane and was washed with a mixture of 3 N 
HCl and brine. The organic layer was dried, evaporated and purified with 
a silica gel column eluting with a gradient of 10-30% ethyl acetate in* 
hexane to give the desired compound (9.61 g). 




gtgpP: 
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To a stirred solution of KHMDS (3.79, 19 mmol) in THF 
(150 mL) at -78°C under argon was added a solution of dietliyl N-Boc- 
piperidine-(cis)-2,3-dicarboxylate (5 g, 15.2 mmol) over a 30 minute 
period. The solution was allowed to stir an additional 30 minutes at 
-78°C; then benzyl bromide (2.73 g, 15.9 nunol) was added slowly to the 
solution. The reaction mixture was stirred overnight and allowed to 
warm to room temperature. The material was concentrated, then diluted 
with water, and extracted with etiiyl acetate (100 mL). The organic layer 
was dried over anhydrous magnesium sulfate, filtered, and concentrated. 
Purification by silica gel flash column chromatography, eluting with 20% 
ethyl acetate in hexane provided two diastereoisomers. The compound 
which came out first fi-om the column was designated as dl (1.01 g); and 
the compound which came out of the column second was designated as 
d2 (3.75 g). NMR established the esters are trans in dl and cis in d2. 



Step C : 

HHCl 
^N^COgEt 

The compounds were prepared according to the procedure of 
Example Al Step B firom the intermediates from the previous step. 
Intermediate dl (850 mg) yielded the dl tide compound (711 mg, 98%). 
Intermediate d2 (3.2 g) yielded tiie d2 tide compound (2.58 g, 96%) 
5 dl FAB-MS calc. for C18H25NO4: 319 ; Found 320(M+H) 
d2 FAB-MS calc. for C18H25NO4: 319 ; Found 320(M+H) 



StepD : 



N' 
H 



rr 

c=o o 




NHBOC 



N^COgEt 
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The compounds were prepared according to the procedure of 



Example Al Step A from the intermediates from the previous step. 
Intermediate dl (228 mg) yielded a mixture of trans diastereomers (128 
mg, 30%). 

Intermediate d2 (228 mg) yielded a mixture of cis diastereomers (164 mg, 
30%). 



The compounds were prepared according to the procedure of 



Example Al Step B from the intermediates from the previous step. 
Intermediate dl (120 mg) yielded the title compound as mixture of trans 
(dl) diastereomers (106 mg, 97%). 

Intermediate d2 (155 mg) yielded the title compound as mixture of cis 
(d2) diastereomers (135 mg, 96%). 

dl FAB-MS calc. for C33H42N4O6: 590 ; Found 591(M+H) 
d2 FAB-MS calc. for C33H42N4O6: 590 ; Found 591 (M+H) 



prepared according to the above established procedures using N-Boc 
intermediates from Table AIII as exemplified in Example A12 Steps A, B 
and C and the final products were prepared according to Steps D and E. 



Step E : 




The additional intermediates shown in Table AIV were 
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TABLE AIV: ADDITIONAL EXAMPLES 

H Q 

Product 



Intermediate (QH) 


Product 


entry MF 


MF 


FAB-MS (M+1) 


FAB-MS (M+1) 



H 

N CH3 dl: 
[ T C31H40N4O4 



^^fcOoEt 533 
Bn ^ 
H 

N CH3 d2: 
[ T C31H40N4O4 

Bn 

H 

I 

N,>,^CH3 mixture of 

diastereomers 



V^COoEt C32H42N4O4 



Likewise the compounds shown below are prepared 
according to Example A12 by alkylating with 2-picolyl chloride or 
4-bromomethylthiazole to give the following intermediates: 

H - H 



N COgEt Uno^Et 




Cr 



COgEt 

3 




COgEt 
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which may then be reacted with Intermediates 1 or 2 to give the 
following compounds respectively: 
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Step A : 

H \ ^ 

J 9=0 o 

To a stirred solution of dl-2-pipecolamidoethanol (100 mg, 
(1.16 mmol), HOBT (78.38 mg, 1.16 mmol) and Intermediate 1 (226.12 
mg, 1.16 mmol) in dichloromethane (3ml) at ambient temperature was 
added 4-methyl morpholine (63.8 ml, 0-16 mmol). The mixture was 
cooled to 0° C and to which was added EDC (222.3 mg, 2.32 mmol). The 
reaction mixture was stirred at room temperature for 16 h. After 
evaporation, the residue was partitioned in ethyl acetate and IN 
hydrochloric acid. The organic layer was washed with samrated sodium 
bicarbonate, brine, dried over magnesium sulfate, filtered, and evaporated 
to an oily foam which was purified by preparative tic 
(acetone/chloroform: 3/7) to give 91 mg of the product (Rf= 0.45). 
20 CI-MS : calc. for C28H41N5O6: 543 ; Found 544(M+H) 

iH NMR (400 MHz, CDCI3): 6 8.35 (br.s, IH), 7.57 & 7.55 (2s, 
1H),7.35, 7.33, (2s, 2H), 7.17 (t, J= 6.95Hz, IH), 7.15-7.07 (m, 3H), 7.03 
(distorted t, J= 4.95 Hz, IH), 5.16 (d, J=4.68 Hz, IH), 4.94 (m, 2H), 3.65 
(m, 2H), 3.55-3.10 (m, 5H), 2.9-2.62 (m, 4H), 2.3-2.2 (m, IH), 1.43. 1.46 
and 1.41 (3 s, total 15H), 1.00 (m, IH), 0.83 (m, IH). 

StepB : 

H 

30 fl r T^V 'NHoHCI 



H ^N^CONH(CH2)20H 
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Prepared according to the experimental procedure from 
Example Al Step B using product from the previous step and HCl gas in 
ethyl acetate at 0°C. 

CI-MS : calc. for C23H33N5O4: 443 ; Found 444(M+H) 
iH NMR (400 MHz, CD3OD): 4 6 7.54 (d, J=7.7 Hz, IH), 7.36 (d, J=8. 1 
Hz), 7.12 (distorted t, J=7.5 Hz, IH), 7.03 (distorted t, J=7.5Hz, IH), 
4.97-4.92 (m. IH), 3.63 (m, IH), 3.75 (br. d, IH), 2.82 (br. t, J=2.3 Hz, 
IH), 2.07 (br. d, J=2.3 Hz, IH), 1.66-1.57 (m, 6H), 1.55-0.88 (m, 4H), 
0.70-0.55 (m, IH). 

The additional compounds shown in Table AV were 
prepared according to Steps A and B using Intermediate 1. The 
piperidine intermediates were either conunercially available or were 
prepared according to the above established procedures or from literature 
procedures. 

TABLE AV: ADDITION AT. HXAMPT FS 

H 



H 



Product 



25 W MF FAB(ora)-MS 
(M+1) 

1 -CO2CH3 C22H30N4O4 415 

2 -CONH(CH2)20H C23H33N5O4 444 

3 -CONHCH2C(CH3)20H C25H37N5O4 472 
30 4 -CONHCH2CH(OH)CH3 C24H35N5O4 458 

5 -CO2NH2 C21H29N5O3 399(EI,M+) 

6 -CH2COCH3 C23H32N3O4 413 

7 -CH(OH)Ph-p-Cl C27H33N4O3CI 497 

8 -CH(OH)CH2CH3 C23H34N4O3 415 
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11 



12 
13 



14 



-CONHBn 

-CONH(CH2)2CH3 
H 



-CONHPh 
N-N 

H 

CH3 

^1 



C28H35N5O3 490 
C24H35N5O3 442 
C25H37N5O3 456 



C27H33N5O3 476 
C21H28N8O2 425 



C23H30N6O3 439 



15 



20 



25 



The additional compounds shown in Table AVa were 
prepared according to Steps A and B using Intermediate 3 and some of 
intermediates used in the previous table. 

TABLE AVa: ADDITIONAL EX AMPLRS 

H 

Y^NHg HCI 




Product 



W 



MF 



FAB(or CD-MS 
(M+1) 



1 

30 2 

3 
4 



-CO2CH2CH3 
-CONHCH2C(CH3)20H 
-CONH(CH3)2 
-CH(OH)Ph-p-Cl 



C23H35N3O4 418 

C25H40N4O4 461 

C23H33N5O3 428 

C27H36N3O3CI 486 



wo 95/13069 



PCT/US94/I2816 



-138- 

EXAMPLEB1 




20 

To 7.0 g of 2-bromobenzyl alcohol in 7.0 g of dihydropyran 
at room temperature was added 2 drops of concentrated hydrochloric acid 
and stirred at room temperature for Ih. The reaction mixture was diluted 
with 150 mL of ether and washed with samrated NaHC03 (2X100 mL), 
brine (150 mL), dried over MgS04 and concentrated to give a thick oily 
material. The residue was purified by flash chromatography with 
hexane-EtOAc as eluent to give 10 g of the tetrahydropyranyl ether. 

To 260 mL of dry ether at -78*'C was added 23.6 mL of 1 .6 
M solution of nBuLi in hexanes. To this solution was added a solution of 
7.5 g of the THP compound in 100 mL of ether and stured at -78''C for 
30 min. and -40*'C for an additional 30 min. This solution was added in a 
dropwise manner to a mixture of 2.16 g of pyridine and 6.3 mL of t- 
butyldimethyl-silyl triflate in 200 mL of ether at -78*'C. The reaction 
mixture was allowed to warm up to room temperature and stirred 
overnight. The reaction was quenched with 75 mL of water and oxygen 
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gas was bubbled in for 3h. The reaction mixture was diluted with ether 
and 3N HQ till the pH = 1 and then the organic layer was separated. The 
aqueous layer was basified with 20% NaOH till the pH = 8-9 and then 
extracted with chloroform (3X100 mL). The organic layer was washed 
with water, brine (200 mL), dried over Na2S04, filtered, and evaporated. 

To 3.42 g of the above compound in 100 mL of CHCI3 was 
added 30 g of activated manganese dioxide and stirred overnight. The 
solids were filtered off through a pad of celite, and the filtrate was 
evaporated. 

To 2.4 mL of triethylphosphonoacetate in 30 mL of dry THF 
at 0°C was added 16.3 mL of a solution of sodium hexamethyldisilazide 
in THF and stirred for 30 min. A solution of the above aldehyde 
intermediate in 10 mL of THF was added and stirred for 30 min. The 
reaction was quenched with 25 mL of saturated NH4CI solution, and 
extracted with EtOAc(3X25 mL). The combined organics were washed 
with brine, dried over Na2S04, and concentrated. Flash chromatography 
of the residue with hexane-EtOAc (4: 1) as eluent gave 1.5 g of the 
desired product as a pale yellow solid. 

iH NMR (CDCI3, 400MHz) d 8.63 (d, 2H), 7.68 (dd, IH), 7.60 (d, IH). 
7.45-7.35 (m, 2H), 7.30 (dd, IH), 7.35 (d, IH), 4.15 (q, 2H), 1.23 (t, 3H). 

StepB : 



HHCI 



25 




30 

To 1.5 g of the above intermediate in 25 mL of methanol 
was added 5 mL of 4M HCl in EtOAc and evaporated to dryness. This 
solid was dissolved in 30 mL of methanol and 0.50 g of Pt02 was added 
and hydrogenated at 50 psi for 5h. The catalyst was filtered off through a 
pad of celite and the filtrate was concentrated to give the title compound. 



wo 95/13069 



PCTAIS94/I2816 



- 140 - 

1H NMR indicated that this material contained about 5% of the 
cyclohexyl-piperidine. 

iH NMR (CD3OD, 400MHz) d 7.40-7.20 (m, 4H). 4.08 (q. 2H). 3.50 (m, 
2H), 3.25-3.10 (m, 3H), 3.00 (t. 2H), 2.60 (t. 2H), 2.03-1.90 (m, 4H), 
1.20 (t,3H). 

Step C : 



0 




To a mixture of the above intermediate in 30 mL of CH2CI2 
was added 0.82 mL of triethylamine, 1.2 mL of NMM, 0.90 g of HOBT, 
2.13 g of (2R)-N-tBOC-5-phenylpentanoic acid (prepared as described in 
H. K. Chenault et al. J. Am. Chem. Soc, 111, 6354-6364 (1989)), and 
finally 1.7 g oi EDC and stirred at room temperature for 18h. The 
reaction mixture was poured into a samrated NaHC03 solution and 
extracted with CH2CI2. The combined organics were washed with O.IN 
HCl, brine, dried over Na2S04, and concentrated. 

The above crude material was dissolved in 30 mL of 
CH2CI2 and 10 mL of TFA was added and stirred at RT for Ih. The 
solvent was evaporated to dryness and the residue was neutralized with 
aqueous Na2C03 solution, and extracted with CH2CI2. The combined 
organics were washed with brine, dried over K2CO3, and concentrated. 
To a mixture of this intermediate in 30 mL of CH2CI2 was added 1.04 g 
of HOBT, 1.56 g of N-tBOC-a-methylalanine, and finally 1.8 g of EDC 
and stirred at room temperature for 4h. The reaction mixture was poured 
in saturated NaHC03 solution and extracted with CH2CI2. The 
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combined organics were washed with O.IN HCl, brine, dried over 
MgS04, and concentrated. Flash chromatography of the oily residue 
with CH2Cl2-acetone-ether (6:1:1) as eluent gave the desired material. 
iH NMR (CDCI3, 400MHz) d 7.30-6.98 (m, 9H). 5.00-4.85 (m. 2H), 
5 4.72-4.64 (m, IH), 4.13 (2q, 2H), 4.00-3.82 (m, IH), 3.14-2.85 (m, 4H), 
2.7-2.50 (m, 5H). 1.83-1.50 (m, 5H), 1.50 (s, 3H), 1.46 (s. 1.5H). 1.44 (s, 
1.5H), 1.40 (s, 9H). 1.40-1.28 (m. IH). 1.23 (2t, 3H). 

Step D : 

10 



15 




20 

To 1.70 g of the intermediate in Step C in 30 mL of CH2CI2 
was added 10 mL of TFA and stirred at RT for Ih. The reaction was 
evaporated to dryness, basified with aqueous Na2C03, and extracted 
with CH2CI2. The combined organics were washed with brine, dried 

25 over K2CO3, filtered, and evaporated to give free base as a thick oil. 
This material was dissolved in 5 mL of ether at 0°C and 0.50 mL of 4M 
HQ in EtOAc was added. The precipitate was filtered under an N2 
atmosphere and dried to give the title compound. 
iH NMR (CD3OD, 400MHz) d 7.30-6.98 (m, 9H), 5.00-4.85 (m, 2H), 

30 4.72-4.64 (m, IH), 4.13 (2q, 2H), 4.00-3.82 (m. IH), 3.14-2.85 (m, 4H), 
2.7-2.50 (m, 5H), 1.83-1.50 (ra, 5H), 1.50 (s, 3H), 1.46 (s, 1.5H), 1.44 (s, 
1.5H), 1.40-1.28 (m, IH), 1.23 (2t, 3H). 
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EXAMPT.H R7 
H H 



NH3CI 




15 



20 



25 



30 




To a solution of 0.20 g of the intermediate from Example 
Bl, Step C in 5 mL of anhydrous THF was added 46 mg of potassium 
trimethylsilanoate. After 2h an additional 46 mg of potassium 
trimethylsUanoate and 2 mL of THF were added and stirred at RT 
overnight. The reaction was diluted with 10 ml of water and washed with 
ether (2X10 mL). The aqueous layer was acidified with 0 IN HCl to 
pH=2 and extracted with CH2CI2 (2X15 mL). The combined organics 
were washed with brine, dried over Na2S04. filtered and concentrated. 
Hash chromatography of the residue with CHCl3-MeOH-NH40H 
(85:15:1) as the eluent gave 56 mg of the desired material. 
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iH NMR (CDCI3. 400MHz) d 7.32-7.20 (m, 4H), 7.20-6.98 (m, 5H), 
5.10 (bs, IH). 5.00-4.90 (m, IH), 4.65 (bt, IH), 4.90 (dd, IH), 3.10-2,85 
(m, 4H), 2.70-2.50 (m, 5H), 1.80-1.50 (m, 5H), 1.50 (s, 4H), 1.46 (s, IH), 
1.42 (s, IH), 1.38 (s, 9H), 1.35-1.20 (m. IH). 

StepB : 



10 



15 




To the above intermediate at RT was added 2 mL of 4M HCl 
in EtOAc maintained at RT for 2h. The reaction was evaporated to 
20 dryness and the residue was triturated with ether to give the title 
compound as a white solid. 

iH NMR (CD3OD, 400MHz) d 8.15 (t, IH), 7.30-7.00 (m. 9H), 4.90 (m, 
IH), 4.60 (bd, IH). 4.05 (d, 1/2H), 3.95 (d. 1/2H), 3.25-3.05 (m, 2H), 
3.00 (dt. 2H). 2.80-2.50 (m, 5H). 1.85-1.63 (m, 6H), 1.63 (s, 2H), 1.60 (s. 
25 4H), 1,60-1.20 (m, 2H). 



30 
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5 \^ CO O 



10 




The title compound was prepared as described in Example 
Bl Steps C and D, but commercially available N-t-BOC-O-benzyl-D- 

^5 serine was substituted for (R)-2-N-t-BOC-5-phenylpentanoic acid 

IH NMR (CD3OD, 400MHz) d 8.30 (d. 1/2H), 8.23 (d, 1/2H), 7.40-7.25 
(m, 5H). 7.20-7.05 (m, 3.5H), 6.88 (d, 1/2H), 5.20 (m, IH), 4.70-4.50 (m 
3H). 4.20-4.05 (m. 3H), 3.84-3.65 (m, 2H), 3.28-2.95 9m, 4H), 2.75 (q. 
IH). 2.58 (dt. 2H), 1.85-1.70 (m. 2H). 1.64 (s, 2H). 1.61 (s. 4H). 1.55- 

20 1.40 (m,2H), 1.20 (2t,3H). 

EXAMPT.RR4 



25 



30 




To 54 mg of the compound prepared in Example B3 was 
added 2 mL of 2N aqueous HCl and stirred at RT overnight. The 
solvents were removed under reduced pressure and the residue was dried 
under vacuum to give the title compound. 
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iH NMR (CD3OD, 400MHz).d 8.30 (d. 1/2H). 8.23 (d, 1/2H), 7.40-7.25 
(m, 5H), 7.20-7.05 (m, 3.5H), 6.88 (d, 1/2H), 5.20 (m, IH), 4.70-4.50 (m, 
3H), 4.20-4.05 (m, IH), 3.84-3.65 (m, 2H). 3.28-2.95 (m, 4H), 2.75 (q, 
IH), 2.58 (dt, 2H), 1.85-1.70 (m, 2H), 1.64 (s, 2H), 1.61 (s, 4H), 1.55- 
1.40 (m,2H). 



10 



15 




To a solution of 0.109 g of the intermediate obtained in Step 
20 A Example B2 in 3 mL of CH2CI2 was added 0.017 mL of ethanolamine, 
34 mg of HOBT, and 58 mg of EDC and stirred at RT overnight. The 
reaction mixture was diluted with 10 mL of CH2CI2 and washed with 5 
mL of O.ION HCl, 5 mL of saturated aqueous NaHC03, dried over 
MgS04, and concentrated. Flash chromatograhy of the residue with 
25 CH2Cl2-acetone (3:2) as the eluent gave the coupled product. 

As before, the above material was treated with CH2CI2-TFA 
at RT for 30 min., evaporated to dryness, and triturated with ether to give 
die title compound as a pale yellow solid. 

iH NMR (CD3OD, 400MHz) d 8.15 (t, IH), 7.30-7.00 (m, 9H), 4.95 (m, 
30 IH), 4.60 (bd, IH), 4.40 (bs, IH), 4.00 (bdd. IH), 3.60-3.50 (m, 2H), 
3.40-3.10 (m, 4H), 3.05-2.90 (m, 2H), 2.85-2.60 (m, 5H). 2.52-2.40 (m, 
4H), 1.90-1.65 (m, 6H), 1.63 (s, 2H), 1.60 (s, 4H), 1.60-1.20 (m, 2H). 
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EXAMPT.RRfi 

H H \y 
O^^T^NHs TFA 
CO o 

I 




Step A : 




To 9.0 g of 2-bromophenethyl alcohol in 6.12 mL of 
dihydropyran at room temperature was added 2 drops of concentrated 
hydrochloric acid and stirred at room temperature for Ih. The reaction 
mixture was diluted with 150 mL of ether and washed with saturated 
NaHC03 (2X100 mL), brine (150 mL), dried over MgS04 and 
concentrated to give a thick oily material. The residue was purified by 
flash chromatography with hexane-EtOAc as eluent to give 10 g of the 
ether. 

To 200 mL of dry ether at -VS^C was added 17.7 mL of 1.6 
M solution of nBuLi in hexanes. To this solution was added a solution of 
8.0 g of the ether intermediate in 100 mL of tetrahydropyranyl ether and 
stirred at -78°C for 30 min. and -40°C for an additional 30 min. This 
solution was added in dropwise manner to a mixmre of 2.16 g of pyridine 
and 6.3 mL of t-butyldhnethylsilyl triflate in 200 mL of edier at -78''C. 
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The reaction mixture was allowed to warm up to room temperature and 
stirred overnight The reaction was quenched with 75 mL of water and 
oxygen gas was bubbled in for 3h. The reaction mixture was diluted with 
ether and 3N HCl till the pH = 1 and then the organic layer was 
separated. The aqueous layer was basified with 20% NaOH till the pH = 
8-9 and then extracted with chloroform (3X100 mL). The organic layer 
was washed with water, brine (200 mL), dried over Na2S04, filtered, and 
evaporated. Flash chromatography of the residue with hexane- 
ethylacetate (1:1) as the eluent gave the desired product. 

Approximately 0.90 g of the phenyl-pyridine intermediate 
prepared as described above was converted to the hydrochloride salt by 
treating it with 4M HCl in EtOAc. 



iH NMR (CDQs, 400MHz) d 8.90 (d, 2H), 8.20 (dd, IH), 7.73-7.35 (m, 
4H). 3.70 (t,2H), 2.83 (t,2H). 



To 0.90 g of the above intermediate in 25 mL of methanol 
was added 0.10 g of Pt02 and hydrogenated with pressurized hydrogen at 
50 psi for 5h. The catalyst was filtered off and die filtrate was 
concentrated. The residue was treated with 1.4 g of di-t-butylcarbonate 
in 3 mL of dioxane, 1 mL of water, and 1 mL of triethylamine for 18h. 
The protected piperidine was separated by flash chromatography with 
CH2Cl2-acetone (10:1) as the eluent. 



StepB: 




NHg TFA 
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To 0.25 g of protected piperidine intennediate synthesized 
above was added 2 mL of CH2CI2 and 0.50 mL of TFA and stirred at RT 
for 30 min. The reaction was evaporated to dryness and azeotroped with 
toluene. 

To a solution of the above residue in 2 mL of CH2CI2 was 
added 0.079 g of HOBT, 0.14 g of Intermediate 2, 0.070 mL of NMM, 
and 0.090 g of EDC and stirred at RT overnight. The reaction mixture 
was poured into saturated NaHCOs and extracted with CH2CI2. The 
combined organics were washed with 0.5N HCI, brine, dried over 
MgS04, and concentrated. Flash chromatography of the residue with 
CH2Cl2-acetone (9: 1) as the eluent gave the coupled product. 

Deprotection of the N-t-butoxycarbonyl group was carried 
out by treating the above intermediate with 1 mL of TFA in 2 mL of 
CH2CI2 for 2h. Concentration of the reaction mixture, trituration with 
edier and drying under vacuum gave the tide compound as a colorless 
solid. 

iH NMR (CD3OD, 400MHz) d 7.40-6.88 (m, 9H), 5.17 (bs, IH), 4.77- 
4.50 (m, 3H), 4.18 (bd, IH). 3.80-3.65 (m. 4H), 3.30-3.05 (m. 4H), 2.95- 
2.70 (m, 2H). 1.85-1.60 (m. 2H), 1.60 (s, 2H), 1.58 (s. 4H), 1.70-1.45 (m, 
2H). 

EXAMPLRR7 



25 



30 




Step A : 
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5 




The Pt02 reduction of the phenyl-piperidine intennediate 
J Q prepared in Step A, Example B 1 was attempted in different solvents like 
ethanol and methanol in the presence and absence of cone. HCl. 
Transesterification as well as unselective reduction of the pyridine was 
observed. Several of these reactions were combined and treated with 
excess di-t-butylcarbonate in CH2CI2 and triethylamine. Approximately 
5 5.0 g of the crude material thereby obtained after acid work-up was 
treated with 1.6 g of NaOH in 100 mL of methanol and 10 mL of water 
for 2h. The reaction mixture was diluted with water and washed with 
ether. The aqueous layer was acidified with 0.50N HCl till acidic and 
extracted with CHCI3. The combined organics were washed with brine, 
20 dried over Na2S04, filtered, and concentrated. To about 4.0 g of this 
piperidine acid in 150 mL of CH2CI2 at RT was added 1.86 mL of 
benzyl alcohol, 1.90 g of HOBT, 3.45 g of EDC and a catalytic amount of 
DMAP, and stirred at RT overnight. The reaction mixture was washed 
with saturated NaHCOa, 0.50N HCl, brine, dried over Na2S04, filtered 
25 and concentrated. The desired material was obtained after purification 
via flash chromatography. 

iH NMR (CDas, 400MHz) d 7.40-7.28 (m, 5H), 7.22-7.10 (m. 4H), 
5.12 (s, 2H),4.25 (bs, 2H), 3.04 (t, 2H), 2.94-2.70 (m, 3H), 2.67 9t, 2H). 
1.75-1.60 (m, 3H), 1.53 (s. 9H), 1.33-1.20 (m. IH). 



30 
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Step B : 



5 



10 




To a solution of 0.70 g of the above intermediate in 2.5 mL 
0fCH2Cl2 was added 1 mL of TFA and the reaction mixture was stirred 
at RT for lb. The reaction mixture was evaporated to dryness, dissolved 
in saturated aqueous NaHCOs, and extracted with CH2CI2. The 
combined organics were washed with biine, dried over K2CO3, and 
concentrated. The residue was reacted with Intermediate 1 as described 
in Step B, Example B6. Flash chromatography of the residue with 
hexane-acetone-ether (6:1:1) as the eluent gave 0.47 g of the desired 
material. 



Step C : 




To a solution of 0.20 g of the above intermediate in EtOAc 
at OX was bubbled in HCl gas for about 10 seconds. TTie reaction 
mixture was capped and stirred for 30 min. Ether was added and the 
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precipitate was filtered under an N2 atmosphere. This gave 0.195 g of 
the title compound as a white solid. 

The NMR indicated a 2: 1 mixture of rotamers. 1h NMR 
(CD3OD, 400MHz) d 8.30 and 8.20 (2d, IH), 7.53 and 7.45 (2d, IH), 
^ 7.40 and 7.35 (2d, IH), 7.30-7.00 (m, 1 1 andl/3), 6.54 (d, 2/3H), 5.30- 
5.18 (m, IH), 5.09 and 5.05 (2s, 2H), 4.60 and 4.55 (2d, IH), 3.90 (2d, 
IH), 3.35 (dd, IH), 3.20 (dd, IH), 3.00-2.85 (m, 3H), 2.75-2.40 (4H), 
1.64 (s, 6H), 1.40 (d, 2/3H), 1.06 (d. 2/3H), 0.73 (dt, 1/3H), -0.03 (dt, 
1/3H). 

10 

EXAMPLE B8 




To a solution of 0.19 g of the intermediate from Step C, 
Example B7 in 3 mL of dioxane was added 50 mg of 10% Pd/C and 

2 5 hydrogenated under H2 balloon for 3h. The reaction was slow so about 
50 mg of 20% Pd(OH)2/C was added and hydrogenated overnight. The 
catalyst was filtered off through a pad of celite and washed with dioxane. 
Evaporation of the filtrate gave the title compound as a pink solid. 

The NMR indicated a 2:1 mixture of rotamers. 1h NMR 

30 (CD3OD, 400MHz) d 8.30 and 8.20 (2d. IH). 7.53 and 7.45 (2d. IH), 
7.40 and 7.35 (2d, IH), 7.20-7.00 (m, 6 and 1/3), 6.54 (d, 2/3H). 5.30- ' 
5.18 (m, IH), 4.60 and 4.55 (2d, IH), 3.90 (2d, IH), 3.35 (dd, IH), 3.20 
(dd, IH), 3.00-2.85 (m, 3H), 2.75-2.40 (4H), 1.64 (s. 6H), 1.40 (d, 2/3H), 
1.06 (d, 2/3H), 0.73 (dt, 1/3H). -0.03 (dt, 1/3H). 
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EXAMPTPJRQ 



5 




OH 



To 0.20 g of the benzyl alcohol-pyridine intermediate 
synthesized in Step A of Example B 1 was added 2 mL of dry acetone and 

15 0. 10 mL of benzyl bromide and stirred at room temperature for Ih. The 
volatiles were removed on the rotary evaporator and the residue was 
azeotroped with toluene. The residue was dissolved in methanol and 
treated with 0.10 g of sodium borohydride for Ih. The reaction mixture 
was diluted with water and extracted with CH2CI2. Hie combined 

20 organics were washed with brine, dried over magnesium sulfate, filtered, 
and evaporated. This gave a mixture of N-benzyl-tetrahydropyridines. 
which was hydrogenated in ethanol for 5h with 10% Pd/C as the catalyst. 
The catalyst was filtered off and the filtrate was concentrated. 
Purification of the residue with CH2Cl2-methanol (90:10) as the eluent 

25 gave 70 mg of a mixture of tetrahydro- and hexahydropyridines. To a 
solution of 70 mg of the above mixture in 5 mL of CH2CI2 was added 
0. 10 g of Intermediate 3, 0.040 g of HOBT and 0.070 g of EDC and 
stirred at RT overnight. The reaction mixture was poured into saturated 
aqueous NaHCOs and extracted with CH2CI2. The combined organics 

30 were washed with brine, dried over Na2S04, and concentrated. 

Purification of the residue by flash chromatography with hexane-EtOAc 
(4: 1) as the eluent gave 0.090 g of the coupled product as a mixture of 
diastereomers. 

The above coupled product was hydrogenated in ethanol 
with 10% Pd/C as the catalyst for 18h. The catalyst was filtered off 



10 
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through a pad of celite and the filtrate was concentrated. Flash 
chromatography of the residue with CH2Cl2-ether (6:1) as the eluent 
gave 90 mg of the desired product 

A final deprotection of the above intermediate was carried 
out in methanol (2 mL) in the presence of 1 mL of concentrated HCl for 
5h. The reaction mixture was evaporated to dryness and the residue was 
triturated with ether to give a solid. Purification of this material by 
MPLC on an LH20 colunm with methanol as the eluent gave 34 mg of 
the title compound as a white solid. 

iH NMR (CD3OD, 400MHz) d 7.35-7.04 (m, 9H). 4.95 (m, IH), 4.69 (d, 
2H), 4.60 (d, IH), 3.97 (dd, IH), 3.30-3.10 9m, 3H). 2.82-2.60 9m, 4H), 
1.90-1.70 (m, 5H), 1.63 9s, 2H), 1.60 (s, 4H), 1.55-1.40 (m, IH). 



15 



20 



25 



30 




EXAMPLE BIO (cis. dl+d2^ 

NH2HCI 

CO 0 



COgEt 



The intermediate prepared from Example B12, Step B (930 
mg, mixture of two diastereomers) was dissolved in methanol and 
hydrogenated over Pd(0H)2 at one atmosphere for 12 hours. The 
mixture was filtered through Celite and the filtrate concentrated under 
vacuum to give 700 mg of deprotected product. To the residue (5.5 mg) 
in 0.5 ml of methylene chloride was added N-BOC-(D)-alanine (4.9 mg), 
EDC (5.0 mg) and HOBt (3.5 mg). After stirring overnight, the mixmre 
was poured into water, exacted with methylene chloride and washed with 
brine. The organic layer was dried over sodium sulfate, filtered and 
concentrated. The residure was purified by PLC (hexanes/ethyl 
acetate=l/l) to give coupling product A final deprotection of the 
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coupled intermediate was carried out by foUowing the procedure 
described in Example B19. Step B to give 7.8 mg of desired compound 
m NMR (400 MHz. CD3OD, mixture of diastereomers and rotamers): 

7.59 (m, 1 H), 7.39-7.01 (m, 9 H), 5.37 (m, 1/2 H), 5.18 (m. 1/2 H), 4.61 
(m, 1 H), 4.30 (m, 1/2 H), 4.02-3.61 (m, 3 H), 3.35-2.35 (m, 7 1/2 H), 

1.60 (m, 1 H), 1.56 (d, 7 Hz 3/2H), 1.50 (m, 3/2H), 0.95 (m, 3/2 H). 0.88 
(m,3/2H). FAB-MS: 491.0 (M+1). 



EXAMPT.FRll 

'NH2 HCI 




To a solution of O.lOg of the compound prepared in Step A 
of Example B15 in 2mL of chloroform at OOCwas added 0 OlSg of 5- 
aminomethyltetrazole. 0.027g of HOST, 0.65mL of triethylamine and 
0.048g of EDC and stirred for 10 min. at OOc. ImL of DMF was added 
to the suspension and stirred overnight. The reaction mixture was 
concentrated and the residue was separated by prep TLC (1mm plate) 
with CHCl3-MeOH-NH40H (90:10:1) as the eluent to give the desired 
matenal. FAB MS m/e calcd. for C34H46N8O5 646.36; found 647 2 
(m+1). 

To a cooled solution of 0.025g of the above product in ImL 
of ethyl acetate was bubbled in HCl(gas) till it was saturated and allowed 
to stand at rt for 30 min. The reaction was concentrated to give the title 
compound. 

iH NMR (200MHz; CD3OD) indicated a mixtare of rotamers; 7.91 (d, 
J=8 Hz); 7.35-7.06 (m); 5.14 (bs); 4.65-4.48 (m); 3.92 (bt, J=l'3)- 3 72- 
3.04 (m); 2.76-2.58 (m); 1.95-1.68 (m); 1.61 (s); 1.28 (s). FAB MS Calc 
for C34H46N8O5 : MW=546.31; found m/e = (m+1) 547 1 
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EXAMPLEB12rcis. dn 




To a solution of 3-ethoxycarbonyl-4-piperidone hydro- 
chloride (11.4 g, 54.9 mmole) in 82 ml of IN aqueous sodium hydroxide 

25 was added di-t-butyl-dicarbonate (12.2 g, 56.0 mmole) in 82 ml of 
dioxane at room temperature. After 12 hours, the mixture was diluted 
with ethyl acetate and washed with 0.5 N hydrochloric acid and brine. 
The organic layer was dried over magnesium sulfate, filtored and 
concentrated. To the crude residue in 200 ml of methylene chloride there 

3 0 was added diisopropylethylamine (14.3 ml, 82.3 mmole) and triflic 
anhydride (10.1 ml, 60.4 mmole) at -78*'C. After 1/2 hour, the mixture 
was poured into saturated sodium bicarbonate solution and extracted with 
methylene chloride. The organic layer was washed with IN 
hydrochloride, brine and dried over magnesium sulfate. The organic 
layer was concentrated to give the vinyl triflate (21.0 g, 95%). To a 
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solution of the vinyl triflate (4.67 g, 11.6 mmole) in 100 ml of methylene 
chloride and 100 ml of l-methyl-2-pym)lidinone was added 
phenyltrimethyltin (2.1 ml, 11.6 mmole), and palladium acetate (0.13 g, 
^ 0.58 mmole) at room temperature. After a couple of hours, the reaction 
was poured mto water and extracted with ether (3X). llie organic layers 
were washed with water (3X), brine and dried over magnesium sulfate. 
After concentration and purification (MPLC, hexanes/ethyl 
acetate=10/l), the desired compound was isolated in 83% yield (3.2 g). 

10 StsBA: 

[BOC 



15 




Prepared from the intermediate obtained from Step A-1 (3.2 
g, 9.66 mmole) which was dissolved in 100 ml of methanol, 
hydrogenated over Pt02 at one atmosphere for a couple of hours (very 
slow reaction) and then a portion of Pd/C was added under hydrogen. 
The mixmre was stiired for 72 hours and then filtered through CeUte. 
The filtrate was concentrated under vacuum. The residue was purified by 
MPLC (hexanes/ethyl acetate=10/l) to give the cis compound (1.9 g). 



30 
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25 



To intermediate prepared from Step A (200 mg, 0.6 mmole) 
there was added 2 ml of TFA. After 10 minutes, the mixture was 
concentrated and azeotrpped with toluene (3X). The residue was 
dissolved in ethyl acetate and washed with sodium bicarbonate. The 
organic layer was concentrated. To the residue in 10 ml of methylene 
chloride there was added N-CBZ-D-tryptophan (223 mg, 0.66 mmole), 
EDC (138 mg, 0.72 mmole), and HOBt (89 mg, 0.66 mmole). After a 
couple of hours, the reaction was poured into water and extracted with 
methylene chloride, dried over sodium sulfate, filtered and concentrated. 
The residue was purified by MPLC (hexanes/ethyl acetate=2/l) to give 
two diastereomers in total 66% yield (the less polar diastereomer dl, 82 
mg; and the more polar diastereomer d2, 138 mg). 

StepC : 



30 




.CBZ 



COgEt 
cis, dl 
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The less polar diastereomer from Step B (82 mg) was 
dissolved in 5 ml of methanol and hydrogenated over Pd/C at one 
atmosphere for a couple of hours (monitored by TLC). The mixture was 
filtered through Celite and the filtrate concentrated under vacuum. To the 
residue in 5 ml of chloroform was added N-CBZ-a-methylalanine (38 
mg), EDC (31 mg) and HOBt (21 mg). After 3 hours stirring at room 
temperature, the mixmre was poured into water, extracted with methylene 
chloride, and washed with brine. The organic layer was dried over 
sodium sulfate, filtered and conce. .:rated. The residue was purified by 
chromatatron (hexanes/ethyl acetate=l/l) to give the desired compound 
in 69% yield (60 mg). 



Step D : 



15 



20 




The mtermediate obtained from Step C was dissolved in 3 
ml of methanol and hydrogenated over Pd(OH)2/C at one atmosphere for 
an hour (monitored by TLC). The mixture was filtered through Celite 
and the filtrate concentrated under vacuum. The residue was acidified 
with HCl in ether to give a white precipitate (dl, 40 mg). 
1h NMR (400 MHz, CD3OD mixture of rotamers): 7.64 (d, 8 Hz, 1/2 H), 
7.57 (d. 8 Hz, 1/2 H), 7.37-7.01 (m, 9 H), 5.28 (dd, 8, 5 Hz, 1/2 H), 5.18 ' 
(t, 7 Hz, 1/2 H), 4.76 (m, 1 H), 4.30 (m, 1/2 H), 4.15 (m, 1/2 H), 3.81 (m, 
2 1/2 H), 3.35 (m, 1/2 H), 3.16 (m, 2 1/2 H), 3.02 (m, 1 1/2 H), 2.98 (m, 
1/2 H), 2.45 (m. 1 H), 2.25 (m, 1/2 H). 1.74 (m, 1/2 H), 1.63 (m. 1/2 H). 
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1.57 (s, 3/2H), 1.52 (s, 3/2H). 1.49 (s, 3/2H). 1.34 (s, 3/2H). 0.98 (t 7 Hz 
3/2 H). 0.90 (t. 7 Hz, 3/2 H). FAB-MS: 505.6 (M+1). 



Prepared from the intermediate obtained from the more pola 
diastereomer of Example B12, Step B (93 mg) by the procedure 
descnbed in Example B12 Steps C and D to give the desired compomid 
(d2, 56 mg). 

iH NMR (400 MHz. CDQa, mixture of rotamers): 7.57(m, 1 H). 7 35- 
6.94(m. 9 H), 5.37(t. 7 Hz, 2/3 H), 5.17 (m, 1/3 H), 4.61 (m, 1 H), 4.28 
(m. 1/3 H). 4.06 (m, 2/3 H). 3.84-3.53 (m, 2 H). 3.28-2.80 (M. 5 H), 2.53 
(M, 1 H). 1.61 (S. 2 H), 1.51 (S. 1 H), 1.47 (S, 2 H), 1.29 (S, 1 H), 0.95 
(t. 7 Hz, 2 H), 0.80 (t, 7 Hz. 1 H). FAB-MS: 505.7 



5 



EXAMPLRRnfric.HO) 



10 




15 



25 



EXAMPT F. B1 4 (trans Hl4^'?) 



30 




trans 



COgEt 
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Step A : 

[BOC 




A small piece of sodium was added to 2.5 ml of anhydrous 
ethanol. When the sodium was dissolved, the intennediate from 
Example B12, Step A (40 mg) was added to the reaction mixture and 
placed in an 80°C oil bath for 2 hours. This mixture was poured into 
O.IN HCl and extracted with ether. The organic layer was dried over 
sodium sulfate, filtered and concentrated. The residue was purified by 
PLC (hexanes/ethyl acetate=5/l) to give the trans isomer (26 mg), 

StepB : 



20 



25 




Prepared from the intermediate obtained fi-om Step A (24 
mg) and Intermediate 1 according to the procedures described in Example 
B7, Steps B and C to give 5.4 mg of product as the hydrochloride salt. 
iH NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers): 
7.63-7.35 (m, 2 H). 7.24-6.75 (m. 8 H), 5.01 (m, 1 H), 4.60 (m, 1 H), 
4.08-3.68 (m, 3 1/3 H), 3.39-2.41 (m, 5 2/3 H), 1.78-0.96 (1 1/3 H). 1.62 
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(s. 3 H), 1.61 (s, 3 H), 0.86 (m, 3 H), 0.66 (m, 1/3 H), -0.10 (m, 1/3 H). 
FAB-MS: 505.6 (M+1). 

EXAMPLE B15 



10 



15 Step A : 



20 




Approximately 0.250g of the piperidine intermediate 
prepared in Step A of Example B44 was reacted with 0.39g of 
Intermediate 3, 0.152g of HOBT, 0.17mL of N-methylmorphoUne, and 
0.225g of EDC in 15mL of chloroform for 18h. The reaction mixture 
was washed with 0.50N HCl (lOmL), saturated aqueous NaHCOs 
30 (lOmL), dried over MgS04 and concentrated. The crude was purified by 
fia^ chromatography with hexane-EtOAc (4:1) as the eluent. 

To 0.136g of this material in lOmL a 1:1 mixture of 
metfaanol-water was added 25mg of lithium hydroxide and stirred 
overnight. The reaction mixture was diluted with lOmL of water and 
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washed with water, the aqueous layer was acidified to pH=2 with 0.50 N 
HCl and extracted with ether (3X10mL). The combined organics were 
washed with brine, dried over MgS04 and concentrated to give the 
desired material as a white solid. 

Step B: 

NH3CI 




The title compound was prepared from the compound made 
in Step A by treating it with a samrated solution of HCl(gas) in ethyl 
acetate for 3Qmm. at RT. Ether was added and the precipitate was 
filtered and dried. 

2Q iH NMR (400 MHz. CD3OD mixture of rotamers): 8.10 (t, IH), 7.78 
(dd, IH), 7.50-7.00 (m, 8H), 4.90 (m, IH), 4.55 (d, IH), 3.94 and 3.90 (2 
doublets, IH), 3.80-3.60 (m, IH). 3.05 (dt, IH). 2.70-2.50 (m, 4H). 1.90- 
1.50 (m. 6H), 1.55 (s, 3H), 1.50 (s, 3H), 1.40 (m, IH). 



25 
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Step A : 



10 



15 



20 




RIO c. A I? '''' intermediate obtained from Example 
B 12, Step A (89 mg, 0.267 mmole) in 2 ml of THF there was added 
^^'I'^^^^^^'^^^y^^m^de (0.5 M, 800 ml, 0.4 mmole) at -78°C 
Aft^/2 hour, me%l iodide (22 ml, 0.34 mmole) was added to reaction 

stirred for additional 12 hours. ITie mixture was poured into water and 
then exacted with ether. The organic layer was dried over sodium 
sulfate, filtered and concentrated. The residue was purified by a 

m") .^^^^ """"^"'^'^ 

StepP: 



25 



30 




NH2HCI. 



Me 

COgEt 



Prepared fix)m the intermediate obtained from Step A (91 
mg) by the procedure described in Example B 12, Steps B, C, and D to 
give the desired compound. 
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NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers): 
7.58 (m. 1 H), 7.37-7.00 (m, 9 H), 5.40-5.23 (m, 1 H),4.60 (m, 1 H), 
4.20-3.73 (m, 3 H), 3.40 (m, 1/2 H), 3.15 (m, 2 H), 2.82 (m, 1 H), 2.61- 
2.30 (m, 2 1/2 H), 1.72 (m, 1/2 H), 1.63-1.29 (m. 6 H), 1.13-0.84 (m, 6 
H). EI-MS: 518.2 (M). 



EXAMPLE B17(cis. dl+d2') 




To a stirred solution of the intermediate prepared from 
Example B12. Step A-1 (1.0 g, 3.02 mmole) in 4 ml of ethanol there was 
3 0 added 4N sodium hydroxide (4 ml). The reaction was stirred at room 
temperature for 16 hours and evaporated in vacuo. The residue was 
diluted with water and acidified with 0.5N hydrochloric acid and then 
exacted with ether. The organic layer was dried over sodium sulfate, 
filtered and concentrated. The crude residue was dissolved in methanol 
and hydrogenated over Pd(OH)2 at one atmosphere for 16 hours. The 



wo 95/13069 



PCTAJS94/12816 



-165- 

mixture was filtered through CeUte and the filtrate concentrated under 
vacuum. To crude acid in 10 ml of chloroform there was added benzyl 
alcohol (341 ml), EDC (750 mg) and a catalytic amount of DMAP. After 
16 hours, the mixture was diluted with methylene chloride and then 
washed with water and brine. The organic layer was dried over 
magnesium sulfate, filtered and concentrated. The residue was purified 
by MPLC (hexanes/ethyl acetate=5/l) to give the desired compound (459 
mg, 38%). 




To intermediate prepared fix)m Step A (459 mg, 1.16 
mmole) there was added 2 ml of TFA at room temperature. After 10 
minutes, the reaction mixture was concentrated and azeotroped with 
toluene (3X). To the residue in 10 ml of chloroform there was added 
Intermediate 1 (433 mg), EDC (265 mg), HOBt (172 mg). and 
triethylamine (194 ml). The reaction was stirred at room temperature for 
3 hours and poured into water. The mixture was extracted with 
methylene chloride, and dried over sodium sulfate. Concentration and 
purification (MPLC , hexanes/ethyl acetate=1.5/l) gave the coupling 
product (574 mg) in 76% yield. 



Step C : 
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To intennediate (10 mg) obtained from Step B there was 
added TFA at room temperature. After 10 minutes, the mixture was 
concentrated to give the desired compound (3 mg). 
iH NMR (400 MHz, CD3OD. mixture of diastereomers and rotamers): 
15 7.62 (m, 1 H), 7.37-6.81 (m, 14 H), 5.42-5.15 (m 1 H), 4.79 (m, 2 H), 
4.65 (m, 1 H), 4.32 (m, 1/2 H), 4.12 (m, 1/2 H), 3.27-2.85 (m. 5 1/2 H), 
2.55-2.27 (m, 1 1/2 H). 1.74 (m. 1 H), 1.60-1.29 (m. 6 H). FAB-MS: 
567.0 (M+1). 



EXAMPrF.RiRfnHH-^'^} 
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Step A : 



5 



10 




Prepared from the intermediate obtained from Example B17, 
Step B (20 mg) by the procedure described in Example B8 to give the 
desired compound. 

StepB : 



20 



25 




Prepared from the intermediate obtained from Step A by the 
procedure described in Example B17, Step C to give the desired 
compound (10 mg). 

1H NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers): 
7.62 (m, 1 H), 7.37-6.98 (m, 9 H), 5.36-5.21 (m 1 H). 4.69 (m, 1/2 H), 
4.58 (m, 1/2 H). 4.27-3.91 (m. 2 H), 3.27-2.75 (m, 5 H), 2.51-2.34 (m, 2 
H), 1.72 (m, 1 H), 1.58-1.21 (m. 6 H). FAB-MS: 576.9 (M+1). 
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EXAMPT.FR1 9(cis,ril4d?.^ 
H H ^ 

NHg HCI 





Prepared from the intermediate obtained from Example B 1 8. 
Step A (142 mg) in 3 ml of methylene chloride to which there was added* 
2-(methylthio)ethanoI (22 ml), EDC (57 mg) and a catalytic amount of 
DMA?. After 3 hours, the mixture was diluted with methylene chloride 
and then washed with water and brine. The organic layer was dried over 
magnesium sulfate, filtered and concentrated. The residue was purified 
by PLC (hexanes/e%l acetate=l/l) to give the desired product (69 me 
43%). ^' 
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NHo HCI 




Prepared from the intermediate obtained from Step A (50 
mg) in 2 ml of ether into which there was bubbled HCI gas at 0*C. After 
30 seconds, the mixture was concentrated to give the white solid (41 m^) 
IH NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers):" 
7.61(m. 1 H). 7.37-6.97 (m, 9 H), 5.38-5.18 (m 1 H). 4.83-4.54 (m, 1 H) 
4.37-3.77 (m, 3 H), 3.57-2.83 (m, 6 H), 2.55-2.21 (m. 3 H). 2.14-1.84 (m, 
3 H), 1.72 (m, 1 H), 1.61-1.29 (m, 6 H). FAB-MS: 551.0 (M+1). 

EXAMPT.F. R9n (P^c, Hi^HO) 



NH2TFA 



30 




CONHEt 



Prepared from the intermediate obtained from Example B18, 
Step A (52 mg) in 3 ml of methylene chloride to which there was added ' 
ethylamine hydrochloride (9 mg), EDC (21 mg), triethylamine (15 ml) 
and a catalytic amount of DM AP. After 3 hours, the mixture was dUuted 
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with methylene chloride and then washed with water and brine. The 
organic layer was dried over magnesium sulfate, filtered and 
concentrated. The residue was purified by PLC (methylene 
chloride/methanol=20/l) to give the coupling product (25 mg). This 
intermediate by the procedure described in Example B17, Step C gave the 
desired compound (25 mg). 

iH NMR (400 MHz, CD3OL, mixture of diastereomers and rotamers): 
7.68-6.93 (m, 10 H), 5.34-5.12 (m 1 H), 4.75-4.30 (m, 2 H), 3.50-2.60 
(m, 8 H), 1.72-1.17 (m, 8 H), 0.83-0.68 (m. 3 H). FAB-MS: 504 0 
(M+1). 



EXAMPLE B21 fcis. dl+H?) 




To a solution of the intermediate obtained from Example 
B12, Step A-1 (950 mg, 2.87 mmole) in 10 ml of THE there was added 
dusobutylaluminum hydride (1.0 N in methylene chloride. 8 ml, 8.0 
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mmole) at -78'*C. The mixture was stirred at 0°C for 1 hour and then 
slowly wanned to room temperature. The mixture was quenched with IN 
sodium hydroxide, and extracted with ether (3X). The organic layer was 
dried over sodium sulfate, filtered and concentrated. The residue was 
^ purified by MPLC (hexanes/ethyl acetate=2/l) to give 617 mg of 
reduction product. 

Step B : 

10 JBOC 



15 




OH 



Prepared from the intermediate obtained from Step A (57 
mg) by hydrogenation under the conditions described in Example B 12, 
Step A to give the desired compound (13 mg). 

StepC: 



25 



30 




Prepared from the intermediate obtained from Step B (13 
mg) by the procedure described in Example B17, Steps B and C to give 
tiie desired compound (12 mg). 
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iH NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers): 
7.74-6.80 (m, 10 H). 5.55 (m 1/2 H). 5.20 (m, 1/2 H), 4.66(m, 1 H), 4.11 
(m, 1/2 H), 3.93 (m, 1/2 H), 3.20 (m, 3 H), 3.00-2.82 (m, 2 1/2 H), 2.69- 
2.45 (m, 2 1/2 H), 2.05-1.84 (m, 1 H), 1.68 (s, 3/2 H), 1.61 (s, 3/2 H), 
1.60 (s, 3/2 H), 1.47 (s, 3/2 H), 0.90 (m. 1/2 H), 0.17 (m, 1/2 H). FAB- 
MS: 463.0 (M+1). 

EXAMPLE B22fcis,dl-|.d2^ 




20 SteELA: 

»BOC 




OAc 



Prepared from the intermediate obtained from Example B21, 
30 Step A (330 mg, 1.14 nunole) in 10 ml of methylene chloride to which 
there was added acetic anhydride (130 ml), triethylamine (240 ml), and a 
catalytic amount of DMAP at 0°C. After 1 hour, water was added to the 
mixture and it was stirred an additional 1 hour at room temperamre. The 
mixture was extracted with methylene chloride and then washed 
sequentially with IN sodium hydroxide and brine. The organic layer was 
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dried over magnesium sulfate, filtered and concentrated. The residue was 
hydrogenated under the conditions described in Example B12, Step A to 
give, the desired compound. 



Step B : 




Prepared from the intermediate obtained from Step A (24 
mg) by the procedure described in Example B17, Step B and Example 
B19, Step B to give the desired compound (23 mg). 
1h NMR (400 MHz, CD3OD, mixture of diastereomers and rotamers): 
7.74-6.87 (m, 10 H), 5.55-5.16 (m 1 H). 4.65 (m. 1 H), 3.96 (m. 1 H), 
3.81 (m, 1/2 H). 3.20 (m. 3 H), 2.86 (m. 1 H), 2.61 (m. 1 H), 2.46 (m. 1/2 
H), 2.27 (m, 1/2 H), 2.13 (m, 1 H), 1.98 (s, 1/2 H), 1.93 (s, 1 H), 1.90 (s, 
1 H), 1.85 (s, 1/2 H), 1.73-1.30 (m, 7 1/2 H), 0.85 (m, 1/2 H), 0.12(m, 1/2 
H). FAB-MS: 505.3 (M+1). 



30 
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To intermediate prepared from Example B12, Step A (87 
mg) there was added 1 ml of TFA. After 10 minutes, the mixture was 
concentrated and azeotroped with toluene (3X). The residue was 
dissolved in ethyl acetate and washed with sodium bicarbonate. The 
organic layer was concentrated. To the residue in 3 ml of methylene 
chloride there was added N-BOC-(2R)-amino-5-phenylpentanoic acid (70 
mg), EDC (5'5 mg). and HOBt (35 mg). After a couple of hours, the 
reaction was poured into water and extracted with methylene chloride,, 
dried over sodium sulfate, filtered and concentrated. 
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To intermediate prepared from Step A there was added 1 ml 
of TFA. After 10 minutes, the mixture was concentrated and azeotroped 
with toluene (3X). To the residue in 3 ml methylene chloride there was 
added BOC-a-methylalanine, EDC, HOBt, and triethylamine. After a 
couple of hours, the reaction was poured into water and extracted with 
methylene chloride, dried over sodium sulfate, filtered and concentrated. 
The residue was purified by MPLC (hexanes/ethyl acetate=2/l) to give 
two diastereomers in 75% yield (tfie less polar diastereomer dl, 54 mg; 
the more polar diastereomer d2, 53 mg). 



Step C : 




To the less polar diastereomer prepared firom Step B (54 mg) 
was added 1 ml of TFA. After 10 minutes, the mixture was concentrated 
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and azeotroped with toluene (3X). The residue was dissolved in ethyl 
acetate and washed with sodium bicarbonate. The organic layer was 
dried over sodium sulfate, filtered and concentrated. The residue was 
dissolved in ether to which was added HCl in ether to give a white soUd 
(dl,40mg). 

iH NMR (400 MHz, CD3OD mixture of rotamers): 7.23 (m, 10 H), 5.08 
(m, 1 H), 4.76 (m, 1 H), 4.21 (m, 1 H), 3.80 (m, 2 1/2 H), 3.47 (m, 1/2 
H), 3.26-2.99 (m, 4 H),2.86 (m, 1/2 H), 2.63 (m, 2 H), 2.40 (m, 1/2 H), 
1.75 (m, 4 H), 1.63 (s, 2 H). 1.60(s, 2 H). 1.57 (s, 2 H), 0.95 (t, 7 Hz, 2 
H), 0.87 (t, 7 Hz, 1 H). FAB-MS: 494.1 (M+1). 



15 



20 



25 



30 



EXAMPLK B24 rcis. d7^ 




NH2 HCl 



. COoEt 
pis, d2 ^ 



The desired d2 compound (40 mg) was prepared from the 
more polar diastereomer obtained in Example B23, Step B (53 mg) by the 
procedure described in Example B23, Step C. 

iH NMR (400 MHz, CD3OD mixture of rotamers): 7.23 (m, 10 H), 4.91 
(m, 1 H), 4.75 (m, 1 H). 4.03 (m, 1 H), 3.81 (m, 2 H), 3.45 (m, 1/2 H) 
3.26-2.96 (m, 4 H). 2.71 (m, 2 1/2 H), 2.40 (m, 1 H), 1.90-1.64 (m 4 H) 
1.63 (s, 2 H), 1.61 (s, 3 H). 1.59 (s. 3 H). 0.93 (t, 7 Hz, 3 H). FAB-MS- ' 
494.3 (M+1). 
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EXAMPT.F.R0 ^(ckri1^ri?^ 



NH2 HCI 




CONHEt 




CONHEt 



To a stirred solution of the intermediate prepared from 
Example B 12, Step A- 1 in 4 ml of ethanol there was added 4N sodium 
hydroxide (4 ml). The reaction was stirred at room temperature for 16 
hours and evaporated in vacuo. The residue was diluted with water and 
acidified with 0.5N hydrochloric acid and tiien extracted witii ether. The 
organic layer was dried over sodium sulfate, filtered and concentrated. 
The residue <100 mg) in 3 ml of methylene chloride therewas added 
ethylamine hydrochloride (74 mg), EDC (1 15 mg), HOBt (49 mg) and 
triethylamine (83 ml). After a couple of hours, the reaction was poured 
into water and extracted with methylene chloride, dried over sodium 
sulfate, filtered and concentrated. The residue was purified by MPLC 
(hexanes/ethyl acetate=l/l) to give desired compound (74 mg). 
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StepB : 
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. CONHEt 

CIS 



Prepared from the intermediate obtained from Step A (74 
mg) by the procedure described in Example B12. Step A to give desired 
compound (60 mg). 



Step C : 




NHg HCI 



CONHEt 



Prepared from the intermediate obtained from Step B (60 
mg) by the procedure described in Example B23, Steps A, B, and C to 
give the desired compound (15 mg). 

IH NMR (400 MHz, CD3OD mixture of diastereomers and rotamers)- 
7.27 (m. 10 H). 4.91 (m, 1 H). 4.67 (m. 1 H), 3.96 (m, 1 H), 3.42 (m 1/2 
H), 3.26-2.59 (m. 9 1/2 H),1.90-1.64 (m, 4 H). 1.64-1.57 (m, 6 H) 079 
(t. 7 Hz. 3/2 H), 0.77 (t, 7 Hz. 3/2 H). FAB-MS: 493.3 (M+1) 
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INTERMFDTATF.^ 



5 




To a solution of 0.80g of the compound prepared in Step B 
of Example B7 in 20mL of ethanol was added O.OSOg of 20% pallium 
hydroxide/C and hydrogenated at atmospheric pressure for 3h. The 
catalyst was filtered through a pad of celite and the filtrate was 
1 5 concentrated to give the title compound. 

EXAMPLES me. B27. 

The following compounds shown in Table Bl were 
20 prepared in two steps from Intermediate 4. The acid intermediate in a 
methylene chloride solution was coupled with alcohols or amines in the 
presence of EDC and DMAP at ambient temperature and these 
intermediates were purified and treated with hydrochloric acid(gas) in 
ethyl acetate to provide the compounds shown in Table B 1 . 



30 
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TABLE B1 
H H 




NH2 HCI 



Example 
No. 



B26 



B27 



B28 



829 



OCH(CH3)2 



0(CH2)3CH3 



N O 



NHCH2CH3 



molecular fomiula 



C31H42N4O4 



C33H44N4O4 



C33H43N5O4 



C31H41N5O3 



FAB MS 
m/e calc. 



569 



560 



573.33 



531 



m/e found 
570.2 



561.1 



574.1 



532.3 



25 



30 



wo 95/13069 



PCT/US94/12816 



181 



10 



15 



20 



25 



30 



EXAMPT.FR^n 

H H ^ 

CO 6 





Step A; 




To a solution of 1 . Ig of the piperidine intermediate prepared 
in Example B7, Step A in 5mL of ethyl acetate at room temperature was 
bubbled in HCl (gas) for 10 seconds and stirred for 30 min. The solvent 
was removed and the oily residue was basified with aqueous sodium 
bicarbonate solution and exti-acted with CH2CI2. The combined organics 
were washed with brine, dried over K2CO3. filtered, and concentrated to 
give 0.90g of the amine as a tiiick oil. To a solution of the above 
intermediate in 20mL of CH2CI2 was added 0.97g of (2R)-N-t-BOC-5- 
phenylpentanoic acid, 0.45g of HOBT, and 0.80g of EDC and stirred at 
RT overnight. The reaction mixmre was poured into saturated aqueous 
sodium bicarbonate solution and exti:acted with CH2CI2. The combined 
organics were washed with 0.50N hydrochloric acid solution, brine, dried 
over MgS04, filtered and concentrated. The residue was purified by 
flash chromatography with hexane-acetone (5:1) as tiie eluent to yield 
about 2.0g of the coupled product. 
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The above intermediate was treated with 2mL of trifluoroacetic 
acid in 20mL of CH2a2 at room temperature for Ih. The volatiles were 
removed on the rotary evaporater and the residue was basified with 
aqueous NaHCOs and extracted with CH2CI2. The combined organics 
were dried over K2CO3, filtered and concentrated. The residue was 
dissolved in CH2CI2 and coupled with 0.60g of N-t-BOC-a- 
methylalanine in t; presence of 0.40g of HOBT and 0.70g of EDC. The 
reaction was stirred overnight and worked up as described above. The 
residue was purified by flash chromatography using hexane-acetone (5:1) 
as the eluent to give the title compound as a colorless foam. 
1h NMR (400 MHz, CDCI3 mixture of rotamers): 7.40-6.85 (m, 14 H), 
5.10 (s, 2H). 5.05-4.88 (m, 2H), 4.70-4.60 (m, IH), 3.93 (d, 1/2H), 3.85 
(d. 1/2H). 3.10-2.85 (m, 4H), 2.70-2.50 (m, 5H), 1.85-1.60 (m, 7H), 1.50 
(s, 3H). 1.48 and .1.47 (2s. 3H), 1.42 (s. 9H). 1.40-1.20 (m. IH). 



Approximately 0.050g of the intermediate from Step A was 
dissolved in ImL of ethyl acetate and ImL of saturated HCl(gas) in ethyl 
acetate was added and stirred for at room temperature for 30min. The 
reaction mixture was cooled to QOC and ether was added and the solvents 
were evaporated to leave the derired product as a foam. 
1H NMR (400 MHz, CD3OD mixture of rotamers): 7.40-7.00 (m. 14H), 
5.10 (s, 2H), 4.90 (m, IH), 4.58 (d. IH), 3.95 and 3.90 (2 doublets , IH)', 
3.20-2.95 (m, 4H), 2.80-2.60 (m. 5H), 1.85-1.60 (m, 9H), 1.62 (s, 3H), 
1.60 (s, IH), 1.40(m, IH). 



StepB: 



25 
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H H 



10 




15 



20 
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Step A: 



NHtBOC 




To 0.90g of the intennediate prepared in Step A Example 
B30 in 5mL of methanol was added O.lOg of 20% palladium hydroxide 
and hydrogenated at atmospheric pressure overnight. The catalyst was 
filtered off through a pad of celite and washed with methanol. The 
filtrate was concentrated and the residue was dried under vacuum to 
provide the acid as a colorless foam that was used without purification. 



StepB: 



H H 
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To a solution of 0.30g of the acid intermediate prepared in 
Step A in lOmL of dry THF was added 0.14mL of triethylamine and 
0.07mL of ethylchloroformate and stirred for Ih. The reaction was 
quenched with 2mL of aqueous ammonium hydroxide solution and 
extracted with CH2CI2. The combined organics were washed with 0.50N 
hydrochloric acid, dried over MgS04 and concentrated. The residue was 
purified by flash chromatography with chloroform-methanol (95:5) as the 
eluent to provide a solid that was deprotected with HCl in ethyl acetate as 
described above to give the title compound as a white solid. 
1H NMR (400 MHz, CD3OD mixture of rotamers): 8.15 (t, IH), 7.30- 
7.00 (m, 9H), 4.90 (m, IH), 4.70 (d, IH), 4.05 and 3.95 (2 doublets, IH), 
3.30-2.95 (m, 4H), 2.90-2.60 (m, 3H), 2.50 (bs, 2H), 1.90-1.65 (m, 7H), 
1.60 (2 singlets, 6H), 1.48 (m, IH). 

EXAMPLES 32-35 and 49 



The compounds described in Table B2 were prepared from 
intermediate synthesized in Step A of Example B31 by taking advantage 
of chemistry used to prepare the title compound in Example B5. Other 
amines as depicted below were used in place of ethanolamine and the 
final deprotection was carried in ethyl acetate and dry hydrochloric acid. 
Ether was generally used to precipitate the hydrochloride salt. 



30 
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Example 
No. 



B32 



B33 



B34 



B49 



N(CH3)2 



NHtBu 



N S 



NHCH2CH3 



TABLE B2 
H H 




NH2 HCI 



molecular formula 



C31H44N4O3 



C33H4aN403 



C33H46N4O3S 



C31H44N4O3 



FAB MS 
m/e calc. 



520 



548 



578 



520 



m/e found 
(nvH) 



521.2 
549.2 

579.2 
521.2 



25 



30 



EXAMPLE B^S 
H H 

^NH3CI 

CO 6 





To a solution of 0.50g of the acid intennediate prepared in 
Step A of Example B31 in 5mL of 1.2-dichloroethane was added 0.1 6g of 
carbonyldiimidazole and stirred at 600C for 30min. The reaction was 
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cooled to RT, half of it was then treated with 0.12g of 2-aininopyrazole 
and heated at 600C for Ih, cooled to RT and stirred for 2 days. The 
reaction mixture was poured into 0.50N aqueous hydrochloric acid and 
extracted with CH2CI2. The combined organics were washed with brine, 
dried over MgS04, concentrated and the residue was purified by flash 
chromatography with hexane-acetone (1 : 1) as the eluent. The purified 
material was deprotected with the HCl/EtOAc protocol as described 
above to give the title compound as a white solid. 
FAB MS m/e cacl. (for C32H42N6O3) 558; found 559.2 (m+1) 



EXAMPIPR^fi 



15 




The title compound was prepared as described in Example 
B5 but morpholine was used in place of ethanolamine. 
1h NMR (400 MHz, CD3OD mixture of lotamers): 7.30-6.95 (m, 9H), 
4.95 (m, IH). 4.68 (d, IH), 4.00 and 3.95 (2 doublets, IH), 3.59 (m, 4H), 
25 3.35 (m, 4H), 3.25-2.90 (m. 4H). 2.80-2.50 (m, 5H), 1.90-1.65 (m, 7H) ' 
1.63 (s, 3H). 1.60 (s, 3H), 1.47 (m, IH). 



30 
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EXAMPLRR^T 




To a stirred solution of 5.0g of the piperidine intennediate 
prepared in Example Bl Step B was added 5mL of triethylamine at (PC 
and 2.8mL of CBZ-Cl. The reaction was allowed to warm up to Rt and 
stir overnight. The reaction mixture was poured into aqueous ammonium 
chloride solution and extracted with CH2CI2. The organic layer was 
washed with 0.50N HCl solution, dried over MgS04 and concentrated. 
This crude residue was dissolved in 25 mL of methanol-water and 3eq. of 
sodium hydroxide was added and stirred for 2h. The reaction mixture 
was acidified to pH=2 with 2N HCl and extracted witii EtOAc. The 
combined organics were washed with brine, dried over Na2S04 and 
concentrated to give the acid as a foam. 



30 
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To a solution of 0.225g of the above acid intermediate in 
lOmL of CH2CI2 was added 0.12g of benzenesulfonamide, 0.093g of 
DMAP and 0.164g of EDC and stirred overnight. The reaction mixture 
was washed with 0.50N HCl (2X10mL), dried over Na2S04 and 

15 concentrated. The crude residue was dissolved in lOmL of methanol and 
0. lOg of 10% Pd/C and hydrogenated at 40psi overnight. The catalyst 
was filtered off through a pad of celite and the filtrate was concentrated 
to provide the piperidine that was used without purification. 

The piperidine intermediate was now coupled to 

20 Intermediate 3 and deprotected with HCl/EtOAC as described above to 
give the title compound as a white solid. 
FAB MS m/e cacl. (for C35H44N4O5S) 632; found 633.1 (m+1) 



EXAMPT.FR^R 



25 



30 
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Step A: 




COOH 



This intermediate was prepared as described in Step A of 
Example B37 but di-t-butylcarbonate was used in place of CBZ-Cl. 

Step B: 




15 



To a stirred solution of 2.90g of the acid prepared in Step A 
in 30mL of dry THF was added 2.5mL of triethylamine and 1.25mL of 

2 ° ethylchloroformate and stirred for 30 min. lOmL of the reaction mixture 
was removed. The remaining mixture was quenched with 20mL of 
aqueous ammonium hydroxide solution, stirred for 30 min., and extracted 
with EtOAc. The combined organics were washed with 0.50N HCl, 
brine, dried over Na2S04, filtered and evaporated to give an oily residue. 

25 This material was dissolved in 20mL of CH2CI2 and 20mL of pyridine at 
OOC and l.lmL of POCI3 was added and stirred for 30min. The reaction 
mixture was poured into brine and washed with 0.50N HCl solution, 
saturated NaHCOs solution, brine, dried over Na2S04 and concentrated. 
Flash chromatography of the residue with hexane-ethyl acetate (5:1) as 

^ ° the eluent gave the desired product. 



wo 95/13069 



PCT/US94/12816 



- 190- 

Step C: 



5 




10 

To a solution of l.Og of the nitrile intermediate prepared in 
Step B in 20mL of toluene was added 1.96g of trimethyltin azide and 
heated at reflux for 18h. The excess azide that precipitated upon cooling 
to room temperature was filtered off. The filtrate was concentrated and 

^ 5 spilt in half. To this half was added 1 OmL of EtO Ac and a trace of 
methanol and HCl(gas) was bubbled in for 5 minutes and stirred for Ih. 
Ether was added and concentrated to give a gummy material that was 
washed with ether and dried under vacuum to give a brownish solid. 
400MHz NMR (CD3OD) revealed that this was the desired tetrazole 

2Q intermediate. 

To 0.30g of the piperidine hydrochloride synthesized above 
in lOmL of chloroform was added 0.47g of Intermediate 3, 0.16g of 
HOBT, 0.45mL of N-methylmorpholine, and 0.29g of EDC and stirred 
overnight. The reaction mixture was poured into 0.50N HCl solution and 

25 extracted with CHCI3. The combined oraganics were washed with brine, 
dried over Na2S04, and concentrated to give a gummy residue that was 
purified by flash chromatography with CHCl3-MeOH-NH40H (85:15:1) 
as the eluent. This provided 0.15g of the desired product. 
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StepD: 




This material was prepared from the intermediate prepared 
in Step C by the EtOAc/HCl protocol described above. 
iH NMR (400 MHz, CD3OD mixture of rotamers): 8.15 (t, IH), 7.60- 
7.05 (m, 9H), 4.90 (m, IH), 4.60 (d, IH), 4.05 and 3.95 (2 doublets, IH), 
3.30-3.10 (m, 4H), 3.10-2.60 (m. 5H), 1.90-1.65 (m. 9H), 1.60 (s. 6H), ' 
1.50 (m, IH). 



20 



25 



30 



EXAMPT.F. R^Q 
H H 

^NHaCI 

CO 6 
I 





To a solution of 0.030g of the intermediate prepared in Step 
C of Example B38 in 2niL of dry acetone was added 13mg of powdered 
potassium carbonate and 0.006mL of methyl iodide and stirred at RT 
overnight. The reaction mixture was poured into brine and extracted with 
CHCI3. The combined organics were washed with brine, dried over 
Na2S04, filtered and evaporated to give the alkylated product that was 
deprotected by the EtOAc/HCl protocol without further purification. 
This gave 0.006g of the title compound as a mixmre of isomers. 
FAB MS m/e cacl. (for C30H41N7O2) 531; found 532.3 (m+1) 
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Step A: 



15 




This intermediate was prepared in an analogous manner to 
the BOC material prepared in Step B of Example B38. 

StepP; 



25 




30 To a stirred solution of 1 .Og of the nitrile from Step A in 

lOmL of dry ethanol at O^C was bubbled in HCl(gas) for Ih. The 
reaction was capped and stored in the freezer overnight. The excess 
HCl(gas) was removed by bubWing N2 gas for Ih and ether was added to 
induce precipitation of the imino-ether intermediate, but only an oily 
material formed. Hence, the solvents were removed on the rotary 
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evaporator and the gummy residue was dissolved in CH2CI2 and 
evaporated twice. Ether was now added and this provided the imino- 
ether hydrochloride as a foam. 

To 0.20g of the above mtermediate in 5mL of 
dichloroethane was added0.073mL of diisopropylethylamine and 0.030g 
of formylhydrazine and stirred at room temperature overnight. The 
reaction mixture was poured into water and extracted with CH2CI2. The 
combined organics were washed with brine, dried over Na2S04 and 
concentrated. The residue thereby obtained was dissolved in 5mL of 
xylenes and heated at reflux for several hours. The reaction mixture was 
cooled to room temperature and the xylenes were evaporated. The 
residue was hydrogenated for 2h in 2mL of methanol and 40mg of 20% 
palladium hydroxide catalyst. The piperidine thereby obtained was 
coupled with Intermediate 3 under the standard EDC/HOBT conditions 
described earlier. The crude product was purified by flash 
chromatography with CH2Cl2-MeOH-NH40H (95:5:1) as the eluent. 
Removal of the BOC protecting group under the EtOAc/HCl conditions 
gave the title compound as a white solid. 

iH NMR (400 MHz, CD3OD mixture of rotamers): 9.15 (s, IH), 8.16 
(bs, IH), 7.30-7.00 (m, 9H), 4.90 (m, IH). 4.60 (bs, IH), 4.10 and 3.95 (2 
doublets, IH), 3.30-3.00 (m. 4H), 3.00-2.60 (m, 5H), 1.90-1.60 (m, 9H) 
1.62 (s. 3H), 1.60 (s, 3H). 1.40 (m. IH). 



EXAMPT.F R41 
H H ^ 

CO o 

I 
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The tide compound was prepared in an analogous manner to 
Example B40 but N-carbomethoxyhydrazine was used in place of N- 
formylhydrazine. 

1h NMR (400 MHz, CD3OD mixture of rotamers): 7.30-7.02 (m, 9H), 
4.90 (m, IH), 4.60 (d, IH), 4.05 and 3.95 (2 doublets, IH), 3.30-2.95 (m, 
5H), 2.80-2.60 (m. 4H), 1.90-1.70 (m, 9H), 1.60 (s, 3H). 1.59 (s. 3H), 
1.39 (m, IH). 



10 



15 



20 
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EXAMPLR R42 
H H 





To a solution of 3.0g of the acid intermediate prepared in 
Step A of Example B37 in 50mL of benzene was added 0.70mL of oxalyl 
chloride and 3 drops of DMF and stirred at RT for 2h. The benzene was 
evaporated off and the residue was dissolved in acetone at O^C. A 
solution of 1.59g of sodium azide in 5mL of water was added at stirred at 
O^C for Ih. The reaction was diluted with ether and water and the 
organic layer was separated. The organics were washed with brine, dried 
over Na2S04 and concentrated to give an oily residue. This material was 
dissolved in dry toluene and heated at reflux for 4h. The reaction mixture 
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was concentrated and the isocyanate thereby obtained was stoired in the 
refiigerator. 

To 0.40g of the isocyanate in toluene was added O.SOmL of 
triethylamine and 0.20g of methylamine hydrochloride and stirred for 
overnight. The reaction mixture was poured into aqueous NaHCOs 
solution and extracted with EtOAc. The combined organics were washed 
with brine, dried over MgS04 and concentrated to give the methylurea 
that was used without purification. 




2 0 ^® piperidine intennediate prepared in Step A was 

hydrogenated with Pd(0H)2 in methanol to remove the CBZ protecting 
group, coupled with Intermediate 3, purified and deprotected with the 
EtOAc/HCl protocol as described above to give the title compound. 
1h NMR (400 MHz, CD3OD mixture of lotamers): 8.10 (m, IH), 7.40- 

25 7.00 (m, 9H), 4.95 (m, IH), 4.63 (d, IH), 4.10 and 4.00 (2 doublets. IH), 
3.40-3.10 (m. 4H), 2.85-2.90 (m, 2H), 2.70 (s. 3H), 2.80-2.60 (m, 3H), 
1.90-1.62 (m. 7H), 1.63 (s, 3H), 1.60 (s, 3H), 1.40(m, IH). 



30 
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EXAMPLF.R4^ 
H H \^ 

"NH3CI 

CO 6 



S02CH3 



The isocyanate intermediate prepared (0.20g) in Step A of 
Example B42 was refluxed in 5mL of 6N aqueous HCl overnight. The 
reaction mixture was washed with ether and the ether layer was 
discarded. The aqueous layer was basified to pH=10 with aqueous 
potassium carbonate solution and extracted with CH2CI2. The combined 
organics were washed with brine, dried over K2CO3 and concentrated. 
This crude amine was converted to the methanesulfonamide by treating it 
with methanesulfonyl chloride and triethylamine in dichloromethane. 
After standard work-up the CBZ group was removed by hydrogenation 
and elaborated to the title compound as discussed previously. 
iH NMR (400 MHz, CD3OD mixture of rotamers): 7.30-7.00 (m, 9H), 
4.85 (m, IH), 4.55 (d, IH), 4.00 and 3.90 (2 doublets. IH), 3.30-3.10 (in 
4H). 2.95-2.83 (m, 2H). 2.80 (2 s, 3H). 2.80-2.60 (m, 3H). 1.90-1.65 (m ' 
9H), 1.60 (s, 3H), 1.56 (s. 3H), 1.55 (m, IH). 



EXAMPLE R44 




NH3CI 



OCH3 



Step A: 
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HHC. 



OCH3 



10 



15 



20 



25 



To a solution of 5.0g of the pyridine aldehyde intermediate 
prepared in Step A of Example Bl in lOOmL of methanol was added 4.0g 
of sodium cyanide. 5mL of glacial acetic acid and 20g of manganese 
dioxide and stirred for 2h. The sohds were filtered off through a pad of 
cehte and the filtrate was concentrated. The residue was taken up m 
lOOmL of saturated sodium bicarbonate solution and extracted witii 
SXlOOmL of ethyl acetate. The combined organics were washed with 
brine, dried over Na2S04 and concentrated to provide the pyridine 
methyl ester. This material was dissolved in metiianol and 5mL of 
saturated HCl in ethyl acetate was added and concentrated to give the 
hydrochloride salt. 

To 2g of the above pyridine hydrochloride salt in 15mL of 
methanol was added 0.225g of platinum oxide and hydrogenated at 50psi 
on the Parr shaker for 2h. The catalyst was filtered off through a pad of 
ceUte and washed with methanol. The filtrate was concentrated to give 
2.17 of the piperidine hydrochloride as a foam. 




The tide compound was prepared firom the compound made 
in Step A and Intermediate 3 as described previously. 
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iH NMR (400 MHz, CD3OD mixture of rotamers): 8.10 (t, IH), 7.78 
(dd, IH), 7.50-7.00 (m, 8H). 4.90 (m, IH). 4.55 (d, IH), 3.94 and 3.90 (2 
doublets, IH), 3.85 (s. 3H), 3.80-3.60 (m, IH). 3.05 (dt. IH). 2.70-2.50 
(m, 4H), 1.90-1.50 (m, 6H). 1.55 (s. 3H), 1.50 9s, 3H). 1.40 (m, IH). 



EXAMPLE B45 



10 




The title compound was prepared from the ester intermediate 
prepared in Step A of Example B44 in an analogous manner to the 
tetrazole compound prepared in Example B38. 

1h NMR (400 MHz, CD3OD mixture of rotamers): 7.60-7.45 (m, 2H), 
20 7.45-7.38 (m, 2H), 7.30-7. 10 (m. 5H), 4.90 (m, IH), 3.95 and 3.90 (2 ' 
doublets, IH), 3.30-3.00 (m. 2H), 2.80-2.55 (m, 4H), 1.90-1.63 (m, 7H). 
1.65-1.50 (4 singlets, 6H), 1.40 (m, IH). 



EXAMPLE R4fi 
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StepA: 



BOC 



5 




This compound was prepared in an analogous manner to the 
protected piperidine acid compound synthesized in Step A of Example 
B37. 



Step B: 



15 




This intermediate was prepared from the compound synthesized in 
Step A by using the carbonyldiimidazole method descibed in Example 
B35, but amino-tetrazole was used in place of aminopyrazole. 

StepC: 



30 
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This compound was synthesized from the piperidine 
intennediate made in Step B and Intermediate 3 by using chemistry 
presented above. 

FAB MS m/e cacl. (for C28H36N8O3) 532; found 533.1 (m+1) 

EXAMPLE R47 




To a solution of 0.30g of the imino-ether intermediate 
25 prepared in Step B of Example B40 in lOmL of ethanol was added 
0. 124g of dihydroxyacetone and heated at 600C under an ammonia 
atmosphere in a bomb for 16h. The reaction was cooled to room 
temperature and the solvent was evaporated. The residue was purified by 
flash chromatography to give 0.129g of the desired product that was still 
3 Q contaminated with other impurities. 
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Step B: 




CO O 



NH3CI 




The intermediate prepared in Step A was elaborated to the 
title compound after removal of the CBZ protecting group, coupling with 
Intermediate 3, purification, and a final deprotection with the EtOAc/HQ 
protocol described earlier. 
^5 iH NMR (400 MHz, CD3OD mixture of rotamers): 8.18 (2 triplets IH) 
7.30 (s, IH), 7.30-7.00 (m, 9H), 4.90 (m, IH), 4.56-4.55 (singlet 
overlapping a doublet, 3H), 4.05-3.95 (2 doublets, IH), 3 30-2 95 (m 
4H). 2.95-2.60 (m. 5H), 1.90-1.65 (m, 7H), 1.63 (s, 3H), 1.60 (s, 3H), 
1.45 (m, IH). 



EXAMPT.F,R4R 



25 




30 
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Step A: 



5 




To a solution of l.Og of the ester prepared in Step B of 
Example B 1 in 50mL of dry THF at OOc was added 0.20g of lithium 
aluminum hydride and stirred at room temperature overnight. The 
reaction was quenched at O^C with lOmL of water and lOmL of 30% 
aqueous sodium hydroxide solution. The precipitate was filtered and 
washed with EtOAc. The ethyl acetate extracts were washed with brine, 
dried over Na2S04 and concentrated. The crude alcohol was dissolved in 
30mL of CH2a2 and l.SmL of triethylamine and 1.4g of di-t- 
butylcarbonate was added at OOC and then stirred at RT for 2h. The 
reaction was poured into saturated NaHCOs solution and extracted with 
CH2CI2. The combined organics were washed with 0.50N HCl, brine, 
dried over Na2S04 and concentrated. This material was purified by flash 
chromatography with hexane-acetone (5:1) as the eluent. 

The alcohol obtained above was dissolved in lOraL of 
CH2CI2 at O^C and 0.45mL of triethylamine and 0.14mL of 
methanesulfonyl chloride were added and stirred for Ih. The reaction 
was diluted with water and extracted with CH2CI2. The combined 
organics were washed with 0.50N HCl, brine, dried over Na2S04 and 
concentrated. The crude mesylate was heated at 6(fiC with 0.20g of the 
sodium salt of 1,2,4-triazole in lOmL of dry DMF for 3h. The reaction 
was cooled to RT and quenched with aqueous anmionium chloride 
solution. The reaction mixture was extracted with ether (3X1 5mL). The 
combined organics were washed with brine, dried over Na2S04, filtered 
and concentrated. This gave the triazole product that was used without 
purification. 
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StepB: 



5 




The BOC protecting from the piperidine synthesized in Step 
A was removed with the TFA procedure as described previously and 
elaborated to the title compound by coupling with Intermediate 3, 
purification and a final deprotection with the EtOAc/HCl protocol. 
FAB MS m/e cacl. (for C31H42N6O2) 530; found 531.4 (m+1) 



EXAMPLEB50 



20 




Prepared as described in Example B40 Step B but 
Intermediate 1 was used in place of Intermediate 3. 
1h NMR (400 MHz, CD3OD mixture of rotamers): 8.32 and 8.20 (2 
doublets, IH), 7.65 and 7.58 (2 doublets, IH), 7.40 and 7.35 (2 doublets, 
30 IH), 7.25-7.00 (m, 6H), 6.50 (d, IH), 5.30-5.20 (m, IH), 4.58 and 4.55 (2 
doublets, IH), 4.10 and 3.95 (2 doublets, 1/2H), 3.90 (d, I/2H), 3.40-3.00 
(m, 7H), 2.70-2.45 (m, 3H), 2.80-2.50 (m, 2H), 1.60 (s, 6H), 1.34 (d, IH), 
0.95 (d, 1/2H), 0.70 (dt, 1/2H). 
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To a solution of 0.330g of the acid intermediate prepared in 
Step A of Example B15 in 3.3mL of dry THF was added 0.196g of 
carbonyldiiimidazole and heated to 600c for 2h. A small aliquot of the 
reaction mixture was removed and to the remaining solution was added 
0.1 OmL of 4-aminobutanol and heated for 2h. The reaction mixture was 
concentrated, taken up in chloroform, washed twice with water, once 
with IM K2HPO4, brine, dried over MgS04, filtered and concentrated to 
provide a residue that was separated by prep TLC (1mm plate ) with 
CHCl3-MeOH-NH40H (90:10:1) as the eluent to give the desired 
intermediate. 

To a solution of 0.20g of the above material in 2mL of 
anisole was added 3-4niL of TFA and allowed to stand at rt for 30 min. 
The volatiles were removed under reduced pressure and the residue was 
partitioned between chloroform and IM K2HP04 and basified to pH>9 
with NaOH. The organic phase was separated and tiie aqueous phase was 
extracted with chloroform. The combined organics were washed witii 
brine, dried over MgS04, filtered and concentrated to provide a gum that 
was separated by prep TLC (1mm plate ) with CHCl3-MeOH-NH40H 
(90:10:1) as the eluent to give the desired product. 
1H NMR (200MHz; CDCI3 mixture of rotamers) : 8.24 (d, J=8); 7.42- 
7.07 (m); 6.16 ("dd", J=12, 4); 4.97-4.8 (m); 4.69 (bd, J=13); 3.93 ("bt", 
J-10); 3.75-3.64 (m); 3.54-3.4 (m); 3.35-3.16 (m); 3.07 (quart., J=13); 
2.77-2.5 (m); 1.97-1.42 (m); 1.34 (s). JAB MS Calc. for C31H44N4O4 
: MW=536.34; found m/e = (m+1) 537.1. 
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A solution of 0.150g of the above free base was lyophillized 
from 0.50mL of acetic acid and 0.030mL of cone. HCl to give titie 
compound. 



10 



15 



20 



25 



30 



EXAMPLE R^OR 
H H 




NH2 HCl 



Prepared in an analogous manner to the compound prepared 
m Example B50A but ethanolamine was used in place of 4-aminobutanol. 
1H NMR (200MHz; CDCI3 mixture of rotamers) : 8.22 (d, J=8); 7.45- 
7.05 (m); 6.58 (dt, J=16, 5); 4.88 (bs); 4.64 (bd, J=12); 3.90 (t, J=ll); 
3.79 (bs); 3.65-3.50 (m); 3.25-3.15 (m); 3.05 (quart., J=12); 2.8-2.5 (m); 
2.32 (vbs); 2.0-1.77 (m); 1.77-1.45 (m); 1.35 (s). FAB MS Calc. for 
C29H4ON4O4 : MW=508.30; found m/e = (m+1) 509.2. 

A solution of 0.029g of the above free base was lyophillized 
from 0.50mL of acetic acid and O.OlOmL of cone. HCi to give tide 
compound. 

EXAMPLE B5nr 
H H ^ 

'NH2HCI 

CO 6 
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StepA: 




OH 



10 



15 



20 



25 



To a solution of 0.379g of the free base (prepared by 
basification to pH>9 with NaOH and extraction with CHCI3) of the 
intermediate prepared in Step A of Example B44 in 20mL of dry THF 
was added 5.5mL of IM solution of lithium aluminum hydride in THF 
and stirred overnight. The reaction was quenched with lOmL of 30% 
aqueous NaOH, the organic phase was decanted, and the paste was 
extracted with ethyl acetate. The combined organics were dried over 
MgS04 and concentrated. Purification of the residue by prep TLC (1mm 
plate) gave the desired amino alcohol. 

iH NMR (200MHz; CDCI3 mixture of rotamers) : 7.38-7.13 (m); 4.75 
(s); 3.22 (bd. J=12 Hz); 3.1-2.92 (m); 2.81 (td, J=10, 4 Hz); 2.13 (bs); 
1.85-1.6 (m). 



The intermediate prepared in Step A was coupled with (2R)- 
N-t-BOC-5-phenyl pentanoic acid under the standard EDC/HOBT 
protocol as described above and purified by prep TLC (1mm plate). 

To a solution of 0.145g of the above coupled product in 2mL 
of CDCI3 was added 0.50mL of 2-chloroethylisocyanate and was heated 
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at 600c for 6h and allowed to stand at RT overnight. Prep TLC of this 
mixture with hexane-EtOAc (1:1) as the eluent gave O.llg of the desired 
carbamate. 

iH NMR (200MHz; CDCI3 mixture of rotamers) : 7.45-7.05 (m); 5.50 
(bd, J=6); 5.19 (s); 5.14 (bs); 4.86-4.45 (bdd?); 4.11 (bd. J=7); 3 93 (bt 
J=12); 3.72-3.42 (bm); 3.2-2.88 (m); 2.8-2.5 (bm); 1.95-1.55 (m); I.44' 



Step C: 




NHtBOC 



H 

The intermediate prepared in Step B was deprotected with 
EtOAc^Cl and the hydrochloride salt thereby obtained was coupled ith 
N-t-BOC-a-methylalanine under standard EDC/HOBT conditions This 
matenal was purified by prep TLC (1mm plate) with hexane-EtOAc (M) 
as the eluent. NMR (200MHz:CDCl3 mixture of rotamers) • 740- 
7.04 (m); 5.19 (s); 5.17 (bs); 4.98 (s); 4.92 (bs); 4.72 (bd. J=13)- 4 54 (bd 

l^ln^; n ^'^^ ^-^^-^-^^ ("^)' 3.2-2.85 (m);* 2.78- ' 

2.47 (m); 2.0-1.6 (m); 1.6-1.4 (m); 1.44 (s). 

Approximately 85 mg (0.13 mmoles) of the above 
productwas taken up in 1.0 mL of DMSO-d6 to which was added 38 m^ 
(0.37 mmoles) of LiOAc.2H20, and 30 mg (0.2 moles) of Nal- the * 
solution was heated in an 8O0 C oil bath over night. The reaction mixture 
was dien taken to a gum under a nitrogen stream. It was then partitioned ' 
ma mixture of CHCI3 and water, the organic phase separated, dried with 
anhydrous MgS04, filtered, and after concentration to a gum under 
reduced pressure, purified by preparative tic on one 8"x 8" x l,000m 
plate in 1:1 EtOAc: hexane to give 85 mg of the tide compound. 
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iH NMR (200MHz; CDCI3 mixture of rotamers) :7.40-7.04 (m); 5.19 
(s); 5.17 (bs); 4.98 (s); 4.92 (bs); 4.72 (bd, J=13); 4.54 (bd, J=13); 4,18- 
4.04 (m); 3.95 (bt, J=13); 3.68-3.45 (m); 3.2-2.85 (m); 2.78-2.47 (m); 
2.0-1.6 (m); 1.6-1.4 (m); 1.44 (s). : 7.4-7.0 (m); 7.88-7.69 (bm); 5.4 (s); 
5.14 (s); 4.95-4.74 (m); 4.67 (bd, J=12); 4.38 (bd, J=13); 4.15-4.02 (m); 
3.93 (bt, J=14); 3.50-3.30 (m); 3.18-2.8 (m); 2.75-2.35 (bm); 2.01 (s); 
1.9-1.7 (bm); 1.5-1.3 (m); 1.40 (s). 

Step D: 




To 49 mg of the intermediate from Step D in 0.5 mL of 
20 methanol was added l-2mL of cone. H2SO4. After standing over night a 
IM solution of K2HPO4 was added and the reaction mixmre was taken to 
dryness under a stream of nitrogen and the residue was partitioned 
between CHa3 and IM K2HPO4, adjusted to pH >9 with NaOH. The 
organic phase was removed and the aqueous phase extracted several more 
25 times with CHCI3. The combined organic phases were dried with 
anhydrous MgS04, filtered, and concentrated under reduced pressure. 
The resultant gum was subjected to preparative tic on one 8" x 8" x 
1,000m silica gel GF plate using 1: 10:90 (cone. NH40H:MeOH:CHCl3); 
two major bands were observed. Isolation of the faster band afforded the 
30 title compound. Ir NMR (200MHz; CDCI3 mixmre of rotamers) : 7.4- 
7.05 (m); 5.44-5.12 (m); 5.18 (s); 5.12-4.8 (m); 5.05 (s); 4.69 (bd, 1=12); 
4.52 (bd, J=12); 4.12 (bs); 3.93 (bt, J=12); 3.78-3.63 (m);3.44-3.24 (bm); 
3.24-2.83 (m); 2.83-2.5 (m); 2.01-1.6 (m); 1.6-1.35 (m); 1.45 (s). FAB 
MS Calc. for C35H50N4O7 : MW= 638.37; found m/e = (m+1) 639.3. 
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A solution of 23 mg ( 0.042 mmoles) of the above free base 
in 0.5 mL of acetic acid in a vial was treated with 0.005 mL (0.06 
mmoles) of cone. HQ, shell frozen, and lyophyllized overnight to give 
the title compound. 



10 



15 



20 



25 



30 



EXAMPLE B51 fcisd i^ 




NH2HCI 



cis, dl 




CO2H 



To a solution of 4.1g of the intermediate prepared in 
Example B12 Step A-1 in 25 ml of ethanol was added 25 ml of 6 N 
NaOH and stirred 12 hours. The mixture was diluted with water and 
extracted with ether. The organic layer was discarded. The aqueous 
layer was cooled to 0*'C and acidified with cone. HCl and then extracted 
with ether. The organic layer was dried over sodium sulfate, filtered and 
concentrated to give 2.57g of the crude acid. The crude acid (438 mg) 
was dissolved in methanol and hydrogenated over Pd(OH)2 at one 
atmosphere for 16 hours. The mixmre was filtered though CeUte and the 
filtrate was concentrated under vacuum to give the desired compound 
(370 mg). 



wo 95/13069 



PCT/US94/12816 



20 



-210 

Step B: 




To the intermediate prepared in Step A (100 mg) in 
1 0 chloroform was added moipholine (0.35 ml), EDC (95 mg), and HOBt 
(49 mg). The reaction was stirred for 12 hours at room temperature and 
was diluted with methylene chloride and then washed with water and 
brine. The organic layer was dried over sodium sulfate, filtered and 
concentrated. The residue was purified by prep TLC (hexanes/ethyl 
15 acetate=l/l) to give the desired product (71 mg). 

SiepC: 



NH-BOC 




25 ks. J cis,d1+d2 



To the intermediate prepared in Step B (71 mg) in ethyl 
acetate was bubbled in HCl(g) at 0°C for 15 seconds. The mixture was 
allowed to stand at room temperature for 30min., concentrated to give a 
3Q solid (64 mg). To this crude material (32 mg) in 2 ml of chloroform was 
added Intermediate 1 (43 mg), EDC (29 mg), HOBt (15 mg) and 
triethylamine (21 mL). The reaction was stirred at room temperature for 
3 hours and poured into water and extracted with methylene chloride, 
dried over sodium sulfate and concentrated. Purification (prep TLC, 
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methylene chloride/methanol=20/l) gave two diastereomers (di, the less 
polar diastereomer, 14 mg; d2, the more polar diastereomer, 16 mg). 

StepD: 



10 




The less polar diastereomer (di, 14 mg) prepared in Step C 
15 was dissolved in ethyl acetate and treated with HCl(g) at 0**C for 15 
seconds. After 30 minutes at room temperature the mixture was 
concentrated to give the desired product (10 mg). 
, FAB-MS: 546.3 (M+1) 




30 

The title compound (12 mg) was prepared from the more 
polar diastereomer (d2, 16 mg) obtained in Example B51, Step C by the 
procedure described in Example B51, Step D. 
FAB-MS: 546.3 (M+1) 



wo 95/13069 



PCr/DS94/12816 



-212- 

The compounds 1-7 shown in Table B3 were prepared 
according to the procedures reported above (using different amines in the 
coupling step). Details are available in Example B51 Steps B, C and D. 



10 



15 



20 



1 d]+d2 

2 di+d2 

3 di+d2 

4 di+d2 

5 di+d2 

6 di+d2 

7 di+d2 




NH2 HCI 



thiomorpholine 

pyrrolidine 

N-methylpiperazine 

piperidine 

ethanolamine 

dimethylamine 

glycine ethyl ester 



FAB-MS (M+1) 

562.2 

530.2 

559.3 

544.3 
520.2 
504.3 
562.3 



25 



30 



EXAMPLE BS^ ( ri^ Hj^) 
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StgpA; 

KJ CO 




The intermediate prepared from Example B51, Step B in 
ethyl acetate was treated with Ha(g) at 0°C for 15 seconds and allowed 
to stand at room temperature for 30 min. The mixture was concentrated 
to dryness to give the crude material. To this crude material (99 mg) in 3 

15 ml of chloroform was added N-t-BOC-O-benzyl-D-serine (107 mg), EDC 
(92 mg), HOBt (47 mg) and triethylamine (67 ml) and stirred at room 
temperature for 3 hours and poured into water. The mixture was 
extracted with methylene chloride and dried over sodium sulfate, and 
concentrated. Purification of the residue by RPLC (chromatatron, 

20 methylene chloride/methanol=20/l) gave the desired product (97 mg). 



Step B: 

NH-BOC 



30 




Cis, d1 and d2 



The intermediate prepared from Step B (97 mg) in ethyl 
acetate was treated with HCl(g) at 0°C for 15 seconds and allowed to 
stand at room temperaturte for 30 minutes. The reaction mixture was 
concentrated to give a residue that was dissolved in 2 ml of chloroform 
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and reacted with N-t-BOC-a-methylalanine (52 mg) in the presence of 
EDC (62 mg), HOBt (36 mg) and triethylamine (40 ml). After 64 hours 
at room temperature the reaction mixture was poured into water and 
extracted with methylene chloride. The combined extracts were dried 
over sodium sulfate, filtered and concentrated to give a residue that was 
purified by RPLC (chromatatron, methylene chloride/methanol=20/l) to 
give two diastereomers (di, the less polar diastereomer, 65 mg; d2, the 
more polar diastereomer, 23 mg). 

Step C: 

H H 




C-N O 
cis.d1 



2 0 Th® l®ss polar diastereomer (d i , 65 mg) prepared firom Step 

B in ethyl acetate was treated with HCl(g) at 0°C for 15 seconds. After 
standing at room temperature for 30 minutes, the mixture was 
concentrated to give the desired product (58 mg). 
FAB-MS: 537.4 (M+1) 



EXAMPLE B54 (cis. do^ 



C-N O 
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The title compound (20 mg) was prepared from the more 
polar diastereomer (d2, 23 mg) obtained in Example B53, Step C by the 
procedure described in Example B51, Step D. 
FAB-MS: 537.3 (M+1). 

The compounds 1-6 shown in Table B4 were prepared as 
described above (with different amines). The details of the syntheses are 
available in Example B51, Step B and Example B53, Steps A, B and C. 



TABLE B4 

H H 

NH2HCI 




20 R FAB-MS (M+1) 

1 di+d2 thiomorpholine 553.3 

2 di+d2 pyrrolidine 521.3 

3 di N-methylpiperazine 550.4 

4 d2 N-methylpiperazme 550.4 
25 5 di+d2 piperidine 535.4 

6 di+d2 dhnethylamine 495.2 



30 
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10 



H H \ / 





The intennediate prepared from Example B51, Step B in 
ethyl acetate was treated with Ha(g) at 0*»C for 15 seconds. The reaction 
mixture was allowed to stand at room temperature for 30 minutes and 
concentrated to give the crude product. To this material (209 mg) in 10 

15 ml of chloroform was added Intermediate 3 (295 mg), EDC (202 mg), 
HOBt (105 mg) and triethylamine (147 ml) and stirred at room 
temperature for 16 hours and poured into water. The mixmre was 
extracted with methylene chloride and dried over sodium sulfate, 
concentrated and the residue was purified by RPLC (chromatatron, 

20 methylene chloride/methanol=20/l) to give the desired product (387 mg). 
This mixture of diastereomers in ethyl acetate was treated with HCl(g) at 
O^C for 15 seconds and aflowed to stand at room temperature for 30 
minutes. The reaction mixture was concentrated to give the desired 
product (330 mg). 

25 FAB-MS: 535.3 

The compounds shown in Table B5 were prepared according 
to estabUshed procedures (with ethanolamine instead of moipholine) as * 
exemplified in Example B51. Step B and Example B53, Steps A, B and C 
3 0 using Intermediate 3. 



WO9S/I3069 



PCT/US94/12816 



217- 



TABLEB5 
H H 



10 




NH2HCI 



1 di 

2 d2 



R 

ethanolamine 
ethanolamine 



FAB-MS (M+1) 

509.1 

509.2 



15 



EXAMPLE B5fifd.ri_^4.H2^ 

r 900 



20 




25 



Step A: 



BOC 



30 




NCO 



To the intennediate prepared in Example B51, Step A (1.15 
g) in benzene (80 ml) was added oxalyl chloride (365 ml) and DMF (2 
drops) at O^C and stirred at O^C for 10 minutes and room temperature for 
2 hours and concentrated to give the acyl chloride. To a solution of acyl 
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chloride at 0°C in acetone (10 ml) was added sodium azide (741 mg) in 
water (3 ml) and stirred at room temperature for 45 minutes. The mixture 
was extracted with ether, washed with water, brine, dried over MgS04, 
filtered and evaporated to give the acyl azide which was dissolved m 
toluene (35 ml) and was refluxed 12 hours to give the isocyanate (1.02 g). 

Step B: 




A solution of the intermediate prepared in Step A (55 mg) 
and 2-(methylthio)ethylamine (147 mg) in toluene (5 ml) was refluxed 
for one hour. The reaction was quenched with IN HCI and extracted 
with ether and then dried over sodium sulfate. Concentration and 
purification (chromatatron, methylene chloride/methanol=20/l) gave the 
desired urea. Deprotection of the BOG protectmg group under conditions 
described above gave the desired product (40 mg). 



NH2HCI 




To the intermediate prepared in Step B (20 mg) in 2 ml of 
chloroform was added Intermediate 1 (28 mg), EDC (19 mg), HOBt (10 
mg) and triethylamine (14 ml). The reaction was starred at room 
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temperature for 16 hours and poured into water. The mixture was 
extracted with methylene chloride and dried over sodium sulfate. 
Concentration and purification (chromatation, methylene 
chloride/methanol=20/l) gave desired product The mixture was treated 
with HCl in EtOAc to give the final product (6 mg). 
FAB-MS: 565.3 (M+1) 

The compounds shown in Table B6 were prepared accordinj 
to established procedures (with different amines or alcohol). 



TABLE B6 



20 



15 




25 



2 

3 
4 



dl+d2 
dl+d2 
dl+d2 
dl+d2 



R 

ethanol 
moipholine 
ethanolamine 
ethylamine 



520.3 
561.4 
535.3 
519.2 



FAB-MS (M+1) 



EXAMPLK R57 (da. dl-i-H?^ 



30 




O 
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To a solution of the intermediate prepared from Example 
B56, Step B (20 mg) in 1 ml of chloroform was added Intennediate 3 (28 
mg), EDC (19 mg), HOBt (10 mg) and triethylamine (14 ml). The 
reaction was stirred at room temperature for 16 hours and poured into 
water. The mixmre was extracted with methylene chloride and dried over 
sodium sulfate. Concentration and purification (chromatatron, methylene 
chloride/methanol=20/l) gave the desired product Deprotection of this 
diastereomeric mixture with HCl/EtOAc gave the final product (8 mg). 
FAB-MS: 554.4 (M+1) 

The compounds shown in Table B7 were prepared according 
the above-described procedures (with ethanol and different amines). 



15 



TABLE B7 



20 



25 1 dl+d2 

2 dl+d2 

3 dl+d2 

4 dl+d2 




NH2HCI 



R 

ethanol 
morpholine 
ethanolamine 
thiomorpholine 



FAB-MS (M+1) 

509.3 

550.4 

524.3 

566.2 



30 
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Y NH2HC1 




10 




3tep A; 




CO2H 

trans 



To a solution of the intennediate prepared fiom Example 
B 14. Step A (2.52 g) in ethanol was added 6N NaOH. The mixture was 
refluxed for 3 hours and then concentrated. The residue was diluted with 
water and acidified with 0.5 N hydrochloric acid and extracted with ether 
The organic layer was dried over sodium sulfate, filtered and 
concentrated to give the desired product (2.12 g). 

Step B: 




To a solution of the intermediate prepared from Step A (15 
mg) in 1 ml of chloroform was added 4-amino-l-butanol (9 ml) EDC (19 
mg), and HOBt (7.5 mg). The reaction was stirred at room temperature 
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for 2 hours and poured into water. The mixture was extracted with 
methylene chlonde and dried over sodium sulfate. Concentration and 
Zt^To^^:'''''''''''^ "^^"^^^^"^ chlorid.methanol=20/l) gave the 

Step C: 



NHjHCI 




fh, Hom«^ ^"^t^ prepared from Step B was deprotected with 

w^aAied tot^mediate 1 (18 mg). EDC (19 mg). HOBt (7.5 mg) »T 
m«hy W (20 ml). Tie reaction was stirred at room temperfto^for 4 
hours and po»ed into water. Tl» nrixtare was extracted wiSyl^ 
cUonde and dhed over sodium sulfate. Concentration J^^Z 
(PLC. methylene chlorideAneth«K,I=10/l) gave the desired p,Z« (^ 
mg^ u«e diastereomer mixture) that was tieated with HQ 2^ 
EtOAc to give flie desired product (18 mg) 

(17 ^' ^ L ,"i',' f ^-^^-^S On. 7 1/2 H). 6.87 

FAB-MS: 548.2 (M+1). 

tn rh. K ^°°»PO"°ds shown in Table B8 were prepared according 

to the above procedures (with different amines). accoromg 
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10 

1 dl+d2 

2 dl+d2 

3 dl+d2 
15 4 dl 



5 d2 




NHaHCI 



20 



R 

ethylamine 
morpholine 
ethanolamine 



FAB-MS (M+1) 

504.3 

546.3 

520.2 

556.1 



556.1 



25 



30 



EXAMPLE B59 (trans, dl^ 




COzEt 
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Step A: 




To a solution of the intermediate prepared from Example 
10 B58, Step A (915 mg) in chloroform was added (IR, 2R)-N-methyl 
pseudoephedrine (590 ml), EDC (1.14 g), and a catalytic amount of 
DMAP. The reaction was stirred at room temperature for 12 hours and 
poured into water. The mixture was extracted with methylene chloride 
and dried over sodium sulfate. Concentration and purification (MPLC, 
1 5 hexanes/ethyl acetate=3/l) gave two diastereomers (dl , the less polar 
diastereomer, 316 mg; d2, the more polar diastereomer, 138 mg). 

StepB: 




CO2H 
trans, d2 



A solution of the more polar intennediate prepared in Step A 
(138 mg) in methanol was hydrogenated with Pd(0H)2/C at one 
atmosphere for a couple of hours. The mixture was filtered through 
Celite and the filtrate was concentrated. The residue was redissolved in 
ether and washed with IN hydrochloric acid. The aqueous layer was 
discarded. The organic layer was dried over sodium sulfate, filtrated and 
concentrated to give the desired product (84 mg). 
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,C02Et 



trans, d2 



To the intermediate prepared from Step B (16 mg) in 
10 chloroform was added glycine ethyl ester hydrochloride salt (21 mg), 
EDC (19 mg), HOBt (13 mg) and triethylamine (35 ml). After 3 hows at 
room temperature the mixture was diluted with methylene chloride and 
then washed with water and brine. The organic layer was dried over 
sodium sulfate, filtered and concentrated. The residue was purified by 
15 prep TLC (hexanes/ethyl acetate=l/l) to give the desired product (16 
mg). 



20 



25 



30 



StepD: 



NH2HCI 




The intermediate prepared in Step C (8 mg) was treated with 
HCl(gas) in EtOAc to give a crude hydrochloride. To this crude material 
in 1 ml of chloroform was added mtermediate 1 (8 mg), EDC (8 mg), 
HOBt (5 mg) and triethylamine (8 ml). The reaction was stirred at room 
temperature for 12 hours and poured into water. The mixture was 
extracted with methylene chloride and dried over sodium sulfate. 
Concentration and purification (PLC, hexanes/ethyl acetates 1/2) gave the 



wo 95/13069 



PCn7DS94/I2816 



10 



-226- 

desired product which was deblocked with the HCl/EtOAc protocol to 
give the desired product (1 1 mg). 

iH NMR (400 MHz, CD3OD, mixture of rotamers): 7.73 (d, 8 Hz, 1/2 
H), 7.54 (d, 8 Hz, 1/2 H), 7.38-6.99 (m, 8 H), 6.84 (d, 7 Hz, 1 H), 5.28- 
5.05 (m, 2 H). 4.80-4.52 (m, 1 H), 4.09 (m, 3 H), 3.59 (in, 1 1/2 H), 3.34 
(m, 1 1/2 H), 3.24 (m, 1 H), 2.98 (m, 1 H), 2.70-2.48 (m, 2 1/2 H), 1.70- 
1.55 (m. 1 1/2 H), 1.61 (s, 3 H). 1.60 (s, 3 H). 1.22 (t. 7 Hz, 3 H). 1.00 
(m, 1/2 H), 0.57 (m, 1/2 H). 
FAB-MS: 562.3 (M+1) 

The compounds shown in Table B9 were prepared according 
to the above procedure shown in Example B59. 



15 



20 



25 1 d2 

2 d2 



TABLE B9 

H H 




NH2HCI 



R FAB-MS (M+1) 

P-alanine ethyl ester 576.3 
L-alanine methyl ester 562.3 



30 
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EXAMPLF. R60 (trans, rf?) 



10 



5 




20 



The intermediate prepared in Example B59, Step C (8 mg) ir 
ethyl acetate was treated with HCl(g) at O^C for 15 seconds and 
maintained at room temperature for 30 minutes, concentrated to dryness 
to give the crude material. To this crude material in 1 ml of chloroform 
was added intermediate 3 (8 mg), EDC (8 mg), HOBt (5 mg) and 
triethylamine (8 ml). The reaction was stirred at room temperature for 12 
hours and poured into water. The mixture was extracted with methylene 
chloride and dried over sodium sulfate. Concentration and purification 
(PLC, hexanes/ethyl acetate=l/2) gave the desired product which was 
treated with HCl(gas) in EtOAc to provide the title compound (1 1 mg) 
FAB-MS: 551.4 (M+1) ^ 

The compounds shown in Table BIO were prepared 
according to the above procedure (coupled with different amino acids). 



TABLE Bin 
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1 d2 

2 d2 



R FAB-MS (M+1) 

P-alanine ethyl ester 565.4 
L-alanine methyl ester 55 L4 



10 



15 Step A; 



20 



25 



EXAMPLE B61 ftrans. dUd2^ 
H H 

NH2HCI 




COaEt 




To a solution of the intermediate prepared in Example B 12, 
Step A (200 mg) m methanol was added a catalytic amount of sodium 
methoxide in methanol and refluxed for a couple of hours. The mixture 
was poured into 0.1 N hydrochloric acid and extracted with ether. The 
organic layer was dried over sodium sulfate, filtered and concentrated to 
give the desired product (190 mg). 



30 
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StepB: 




To a solution of the intermediate from Step A (120 mg) in 2 
^ P ml of toluene was added diisobutylaluminum hydride ( 1 N in hexanes, 
0.49 ml) at -IS^C. After the reaction was stirred at -78X for 1 hour it 
was quenched with methanol and then poured into 0.5 N hydrochloric 
acid solution. The mixture was extracted with ether. The organic layer 
was dried over sodium sulfate, filtered and concentrated. The residue 
^5 was purified by PLC (hexanes/ethyl acetate=3/l) to give the desired 
product (60 mg). 



StepC; 



BOC 
I 



C02Et 
trans 



25 To a solution of triethyl phosphonoacetate in THF (5 ml) 

was added potassium bis(trimethylsilyl)amide (0.5 N in toluene, 1.45 ml) 
at O^C. After 1 hour at room temperature the intermediate from Step B 
(42 mg) in THF (1 ml) was added to the phosphorane solution and 
refluxed for an hour. This mixture was concentrated and the residue was 

30 purified by PLC (hexanes/ethyl acetate=4/l) to give the desired product 
(50 mg). 
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To the intermediate prepared in Step C (50 mg) was added 
0.5 ml of TFA at room temperature. After 10 minutes, the mixture was 
concentrated and azeotroped with toluene (3X). To a solution of the 

15 residue in 1 ml of chloroform was added Intermediate 1 (62 mg), EDC 
(53 mg), HOBt(23 mg) and triethylamine (58 ml). The mixture was 
stirred at room temperature for 3 hours and poured into water. TTie 
mixture was extracted with methylene chloride, and dried over sodium 
sulfate. Purification (PLC, hexanes/ethyl acetate=l/l) of the residue gai 

20 the coupled product (65 mg). 



Step E: 



25 



30 




A solution of the intermediate prepared from Step D (50 mg) 
in methanol was hydrogenated with Pd(0H)2/C at one atmosphere for a** 
couple of hours. The mixture was filtered through Celite and the filtrate 
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was concentrated. The residue was treated with HCl(gas) in EtOAc to 
give the desired product (36 mg). 
FAB-MS: 533.3 (M+1) , 




Ethyl chloroformate (12.9 ml) was added to a stirred 
suspension of cuprous chloride (1.35 g) in THF (200 ml). At 0°C, a 
solution of ethyl nicotinate was added slowly followed by the addition of 
Grignard reagent (prepared from 2-bromobenzaldehyde (25 g), 1,3- 
propandiol (20 ml), and magnesium (4.9 g) by the procedure described in 
J. Org. Chem.. 51,3490 (1986)). The reaction was stirred for an hour and 
poured into a saturated ammonium chloride/ammonia solution (1/1) and 
extracted with ethyl acetate. The organic layer was washed with 1 N 
hydrochloric acid and brine and dried over sodium sulfate. Evaporation 
of the solvent gave the desired product. Crystallization of this material 
from ethyl acetate gave 25g of the desired material. 
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StepB: 




The intennediate prepared in Step A (25 g) was dissolved in 
hot ethyl acetate (500 ml) and then cooled down to room temperature. 
This organic solution was hydrogenated with Pt02 at one atmosphere for 
a couple of hours (monitored by TLC). The mixture was filtered through 
Celite and the filtrate concentrated under vacuum. The residue was 
dissolved in hot ethanol (150 ml) was treated with 6N NaOH (75 ml) at 
reflux for 10 minutes. The mixture was concentrated under vacuum and 
to the residue was added water and stirred at room temperamre for 10 
minutes. The pale white solid was collected by filtration. The filtrate 
was extracted with methylene chloride and washed with brine and dried 
over sodium sulfate. The solvent was concentrated and combined with 
pale white solid to give 13.6 g of desired product. 

StepC: 

CBZ 
I 




To a solution of the intermediate prepared in Step B (10.1 g) 
in THF (300 ml) at 0**C was added a catalytic amount of indicator 
(bromocresol green) and NaCNBH3 (64 nmiole). To this reaction 
mixture was added 1 N hydrochloric acid till a yellow color persisted 
(pH=4.0). After an hour, the mixture was poured into 1 N NaOH and 
extracted with chloroform. The organic layer was washed with brine 
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dried over sodium sulfate and concentrated. The residue was purified by 
filtration through silica gel with methylene chloride/methanol=10/l to 
remove very polar material. The material obtained after concentration of 
the filtrate was dissolved in chloroform and to this mixture was added 
triethylamine (6 ml) and CBZ-Cl (4.6 ml) at 0°C. After stirring for 15 
minutes, the reaction was poured into water and extracted with methylene 
chloride. The organic layer was washed with brine, dried over sodium 
sulfate. Concentration and purification (MPLC, hexanes/ethyl 
acetate=5/l) gave the desired product (6.4 g). 

Step D: 



15 EtOaC 




CHO 



To a solution of the intermediate prepared from Step C (2.17 
20 g) in methanol (30 ml) was added 1 N hydrochloric acid (5 ml) and 

stirred for an hour. The mixture was poured into IN NaOH solution and 
extracted with ether. The organic layer was washed with brine and dried 
over magnesium sulfate. Purification of the residue (chromatatron, 
hexanes/ethyl acetate=5/l) gave the desired product (1.56 g). 



StepE: 



Et02C 




.C02Et 



To a solution of triethyl phosphonoacetate in THF (25 ml) 
was added potassium bis(trimethylsilyl)amide (0.5 N in toluene, 4.56 ml) 
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at 0°C. After stirring an hour at room temperature the intermediate from 
Step D (860 mg) in THF (10 ml) was added to the phosphorane solution 
at room temperatore. The mixture was stirred at room temperature for an 
^ hour and then quenched with 1 N hydrochloric acid. This mixture was 
extracted with ether, washed with brine, and dried over magnesium 
sulfate. Purification of the residue (chromatatron, hexanes/ethyl 
acetate=5/l) gave the desired product (873 mg). 

Step F: 

10 



15 




The intermediate prepared in Step E (870 mg) was dissolved 
20 in methanol and hydrogenated with Pd(0H)2/C at one atmosphere for 
one and one-half hours. The mixture was filtered through Celite and the 
filtrate was concentrated under vacuum. To the residue in chloroform 
was added intermediate 3 (749 mg), EDC (714 mg) and HOBt (276 mg) 
and stirred for 2h. The mixture was concentrated and purified 
2 5 (chromatatron, hexanes/ethyl acetate=2/l ) to give two diastereomers (545 
mg, the less polar diastereomer, dl; 500 mg the more polar diastereomer 
d2). 
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StepG: 




To a solution of the less polar diastereomer prepared in Step 
F (200 mg) in ethyl acetate was bubbled in HCl(g) at O^C for 15 seconds. 
After standing for 30 minutes at room temperature the mixture was 
concentrated and purified (LH-20, 100% methanol) to give the cis, dl 

1 5 product as a white solid (100 mg). 

1h NMR (400 MHz, CD3OD, mixture rotamers): 7.28-7.06 (m, 9 H), 
5.09 (m, 1/2 H), 4.85-4.55 (m, 1 1/2 H), 4.17 (m, 1 H), 4.10 (q. 7 Hz, 2 
H), 3.77 (m, 2 H), 3.46 (m, 1 1/2 H), 3.25 (m, 1/2 H), 3.15-2.39 (m, 9H), 
1.89-1.60 (m. 5 H), 1.65 (s, 2 H), 1.62 (s, 2 H). 1.57 (s, 2 H), 1.21 (t. 7 

20 Hz, 3 H), 0.91 (t, 7 Hz, 3/2 H), 0.85 (t. 7 Hz, 3/2 H). 
FAB-MS: 594.3 (M+1) 

EXAMPLE B63 fcis. d?^> 
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The desired cis, d2 product (3.3 mg) was obtained from the 
more polar diastereomer obtained in Example B62, Step F by the 
procedure described in Example B62, Step G. 
1h NMR (400 MHz, CD3OD, mixture rotamers): 7.90-7.03 (m, 9 H), 
4.92-4.61 (m, 2 H), 4.10 (q, 7 Hz, 2 H). 4.07 (m, 1 H), 3.79 (m, 2 H), 
3.45 (m, 1 1/2 H), 3.25 (m, 1/2 H), 3.07-2.38 (m, 9H), 1.94-1.69 (m, 4 
H), 1.63 (s, 3/2 H), 1.61 (s, 3/2 H), 1.60 (s. 3/2 H), 1.59 (s. 3/2 H), 1.20 
(t,7Hz,3H), 0.91 (t,7Hz.3H). 
FAB-MS: 594.3 (M+1). 

EXAMPLE R64rHs HI) 




To the less polar diastereomer prepared in Example B62, 
Step F (30 mg) in ethanol (1 ml) was added 6 N NaOH (30 ml) at room 
temperature. After stirring for an hour the mixture was concentrated. To 
the residue was added 1 N hydrochloric acid and extracted with ethyl 



wo 95/13069 



PCTA7S94/12816 



-237- 

acetate. The organic layer was washed with brine, dried over sodium 
sulfate and concentrated to give the desired product (20 mg). 

StepB: 



10 




15 To a solution of the intermediate prepared in Step A (6 mg) 

in 0.5 ml of chloroform was added ethanolamine (0.8 ml), EDC (3.5 mg), 
and HOBt (1.8 mg). The reaction was stirred at room temperamre for a 
couple of hours and poured into water. The mixture was extracted with 
methylene chloride and dried over sodium sulfate. Concentration and 

20 purification (PLC, methylene chloride/methanol=20/l) provided the 
coupled product. This material was deprotected with HCl in EtOAc to 
give the desired cis, dl product (1.6 mg). 

iH NMR (400 MHz, CD3OD, mixture rotamers): 7.28-7.07 (m, 9 H), 
5.09 (m, 1/2 H), 4.85-4.62 (m. 1 1/2 H), 4.19 (m, 1 H), 3.75 (m, 2 H), ' 
25 3.55 (t, 6 Hz, 2 H), 3.45 (m, 1 H), 3.34-2.84 (m, 6 1/2 H), 2.73-2.45 (m, 5 
1/2 H), 1.85-1.57 (m, 5 H), 1.65 (s. 3/2 H), 1.62 (s, 3/2 H). 1.57 (s, 3/2 
H), 1.56 (s, 3/2 H), 0.92 (t, 7 Hz, 3/2 H), 0.85 (t, 7 Hz, 3/2 H). 
FAB-MS: 609.2 (M+1) 
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EXAMPTF B65rrk HI) 

Y NH2HC1 

CO o 



5 



CONHEt 



10 



To a solution of the intermediate prepared in Example B64 
Step A (6 mg) in 0.5 ml of chloroform was added ethylamine 
hydrochloride salt (1 mg), EDC (3.5 mg), triethylamine (4 ml) and HOBt 
(1.8 mg). The reaction was stirred at room temperature for a couple of 

15 hours and poured into water, and extracted with methylene chloride and 
dried over sodium sulfate. Purification of the residue (PLC, methylene 
chloride/methanol=20/l) gave the coupled product. This material was 
seated with HCl in EtOAc to yield the desired cis, dl product (1.5 mg) 
IH NMR (400 MHz, CD3OD, mixture rotamers): 7.28-7.07 (m, 9 H), 

20 5.09 (m, 1/2 H), 4.83-4.62 (m, 1 1/2 H), 4.17 (m, 1 H), 3.75 (m, 2 H) ' 
3.50 (m. 1 1/2 H), 3.25-2.84 (m. 6 1/2 H), 2.72-2.39 (m, 5 H). 1.89-1 58 
(m. 5 H), 1.65 (s. 3/2 H), 1.61 (s. 3/2 H), 1.57 (s, 3/2 H), 1.56 (s, 3/2 H) 
1.06 (t, 7 Hz, 3 H), 0.91 (t, 7 Hz. 3/2 H), 0.85 (t, 7 Hz, 3/2 H). 
FAB-MS: 593.3 (M+1) 



25 



EXAMPLRRfifirrip Aj) 
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To a solution of the intermediate prepared from Example 
B64, Step A (8 mg) in methylene chloride (1 ml) was added ethyl 
chloroformate (2.3 ml) and triethylamine (5 ml) at O^C. The reaction 
mixture was stirred at O^'C for 10 minutes and room temperature for an 
hour. The mixture was poured into saturated sodium bicarbonate and 
extracted with methylene chloride. The organic layer was washed with 
brine and dried over sodium sulfate, and concentrated. To the residue in 
acetone (0.5 ml) was added sodium azide (2.3 mg) in water (0.2 ml) at 
O^C. After stirring at room temperature for an hour the mixture was 
extracted with ether, washed with water and brine, and dried over 
MgS04. Filtration and evaporation gave acyl azide which was dissolved 
in toluene (1 ml) and refluxed for 3 hours to give the isocyanate. The 
toluene solution was cooled down to room temperature and methylamine 
(40% in water, 9 ml) was added. After stirring for 12 hours in room 
temperature, the reaction was quenched vidth 1 N HCl and extracted with 
methylene chloride and then dried over sodium sulfate and concentrated. 
Purification of the residue (PLC, methylene chloride/methanol=20/l) 
gave desired urea which was deprotected with HCl in EtOAc to yield the 
desired product (3.5 mg). 
FAB-MS: 594.3 (M+1). 

EXAMPLE R67 (da. d1+d7.^ 




C02Et 

CO^Et 



The intermediate prepared in Example B62, Step E (17 mg) 
was dissolved in methanol and hydrogenated with Pd(0H)2/C at one 
atmosphere for one and half hours. The mixture was filtered through 
Celite and the filtrate was concentrated under vacuum to give the free 
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amine (1 1 mg). To this free amine (5.5 mg) in chloroform was added 
Intermediate 1 (7 mg), EDC (6 mg) and HOBt (4 mg). After 12 hours, 
the mixture was concentrated and purified (chromatatron, hexanes/ethyl 
acetate=2/l) to give an inseparable mixture of diastereomers. This 
diastereomeric mixture in ethyl acetate was treated with HCl(g) at 0°C 
for 15 seconds. After standing for 30 minutes at room temperature, the 
mixture was concentrated to give a white solid (8 mg). 
FAB-MS: 605.3 (M+1) 



EXAMPLE B68 (cis. dn 



15 




20 Step A: 

CBZ 
I 



25 




To a solution of diethyl cyanomethyl phosphonate in THF 
(25 ml) was added potassium bis(trimethylsilyl)amide (0.5 N in toluene, 
3.44 ml) at 0**^ After stirring an hour at room temperature the 
intennediate from Example B62, Step D (650 mg) in THF (10 ml) was - 
added to the phosphorane solution at room temperature. The mixmre was 
stirred at room temperature for an hour and then quenched with 1 N 
hydrochloric acid. This mixture was extracted with ether and washed 
with brine, and dried over magnesium sulfate and concentrated. 
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Purification (chromatatron, hexanes/ethyl acetate=5/l) gave the a,p- 
unsaturated nitrile (trans, 466 mg; cis, 124 mg). 

Step B: 



10 




The intermediate prepared in Step A (590 mg) was dissolved 
15 in methanol and hydrogenated with Pd(OH)2/C at one atmosphere for 
one and half hours. The mixture was filtered through CeUte and the 
filtrate was concentrated under vacuum. To the residue in chloroform 
was added intermediate 3 (560 mg), EDC (560 mg) and HOBt (208 mg). 
After a couple of hours, the mixture was concentrated and purified 
20 (chromatatron. hexanes/ethyl acetate=l/l) to give two diastereomers (220 
mg, the less polar diastereomer, dl; 260 mg the more polar diastereomer 
d2). 

Step C: 



25 



30 




To the less polar diastereomer prepared in Step B (220 mg) 
in toluene (5 ml) was added trimethyltin azide (206 mg) and refluxed for 
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6 1/2 hours. The solvent was removed under vacuum. The residue was 
redissolved in methylene chloride/methanol/acetic acid=20/l/0.1 (20 ml) 
and allowed to stand at room temperature for 12 hours and the solvent 
was removed under vacuum. The residue was purified by PLC 
(methylene chloride/methanol/acetic acid=:20/l/0.1) to give the desired 
product (120 mg). 

Step D: 



10 



15 




The intermediate in Step C (120 mg) was treated with HCl 
in EtOAc to give the desired cis, dl product as a white solid (98 mg). 

20 NMR (400 MHz, CD3OD, mixture of rotamers): 7.28-7.08 (m. 9 H), 
5.08 (m, 1/2 H). 4.84-4.53 (m, 1 1/2 H), 4.18 (m, 1 H), 3.78 (m, 3 H), 
3.27-3.03 (m, 6 H), 2.85-2.30 (m. 4H), 1.90-1.38 (m, 5 H). 1.65 (s, 3/2 
H), 1.61 (s. 3/2 H), 1.57 (s. 3/2 H). 1.56 (s. 3/2 H), 0.90 (t, 7 Hz, 3/2 H), 
0.85 (t, 7 Hz, 3/2 H). 

25 FAB-MS: 590.2 OVI+1). 
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5 



10 




The desired product (2 mg) was prepared from the more 
polar diastereomer (6.8 mg) obtained in Example B68. Step B by the 
procedure described in Example B68, Step C and D 
FAB-MS: 590.4 (M+1). 

EXAMPLRR7()f r>fc,H]) 

"Y^NHzHCI 
O 



25 

St?p A; 



30 




on 




COaEt 
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The intermediate prepared in Example B68, Step A (782 
mg) was dissolved in methanol and hydrogenated with Pd(0H)2/C at one 
atmosphere for one and one-half hours. The mixture was filtered through 
Celite and the filtrate was concentrated under vacuum. To the residue in 
chloroform was added Boc-D-Tryptophan (468 mg), EDC (534 mg) and 
HOBt (207 mg). After a couple of hours, the mixmre was concentrated 
and purified (MPLC, hexanes/ethyl acetate=l/l) to give two 
diastereomers (316 mg, the less polar diastereomer, dl; 300 mg the more 
polar diastereomer, d2). 

Step B: 




The less polar diastereomer from Step A (316 mg) in ethyl acetate 
was treated with HCl(g) at 0*C for 15 seconds. After standing 30 
minutes at room temperature, the mixture was concentrated to dried to 
give crude material. To the residue in 5 ml of chloroform was added N- 
Boc-a-methylalanine (158 mg). EDC (149 mg), triethylamine (217 ml) 
and HOBt (77 mg) and stirred for 12 hours at room temperature. The 
mixture was poured into water and extracted with methylene chloride and 
washed with brine. The organic layer was dried over sodium sulfate, 
filtered and concentrated. The residue was purified by chromatatron 
(hexanes/ethyl acetate=l/2) to give the desired compound (287 mg). 
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15 



20 



NH2HCI 




The desired cis, dl product (135 mg) was prepared from 
above intermediate (287 mg) prepared in Example B70, Step B by the 
procedure described in Example B68, Steps C and D. 
1h NMR (400 MHz, CD3OD, mixture rotamers): 8.09 (d, 8 Hz, 1/2 H), 
7.80 (d, 8 Hz, 1/2 H), 7.64 (d, 8 Hz, 1/2 H). 7.57 (d, 8 Hz, 1/2 H), 7.35 (d. 
7 Hz, 1 H), 7.22-7.00 (m, 7 H), 5.31-5.20 (m, 1 H), 4.71 (d, 12 Hz, 1/2 
H), 4.41 (d, 12 Hz, 1/2 H), 4.15 (m, 1/2 H), 3.92-3.67 (m, 2 1/2 H), 3.43- 
3.03 (m, 8 1/2 H), 2.80 (m, 1 H), 2.52-2.25 (m, 1 1/2 H), 1.59 (s, 3/2 H), 
1.54 (s, 3/2 H), 1.50 (s, 3/2 H), 1.35 (3/2 H), 1.43 (m, 1 H), 0.93 (t, 7 Hz, 
3/2 H), 0.84 (t, 7 Hz, 3/2 H). 
FAB-MS: 601.1 (M+1). 



25 



30 



EXAMPLE B71 rcis.d2^ 




NH2HCI 




The title product (125 mg) was prepared from the more polar 
diastereomer (300 mg) prepared in Example B70, Step A by the 
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procedure described in Example B70. Step B and Example B68, Steps C 
and D. 

iH NMR (400 MHz, CD3OD, mixture rotamers): 8.24 (d, 8 Hz. 1/2 H) 
8.09 (d, 8 Hz, 1/2 H), 7.59 (d, 8 Hz, 1/2 H), 7.54 (d. 8 Hz, 1/2 H), 7.34- ' 
6.92 (m, 8 H), 5.40 (m, 1/2 H), 5.15 (m, 1/2 H), 4.64 (d, 13 Hz, 1/2 H) 
4.55 (d, 13 Hz, 1/2 H), 4.22 (m, 1/2 H), 4.09 (m, 1/2 H), 3.81-3.58 (m,'2 
1/2 H), 3.40-2.84 (m, 9 1/2 H), 2.71-2.32 (m, 1 1/2 H), 1.63 (s, 3/2 H) 
1.52 (s, 3/2 H), 1.48 (s, 3/2 H), 1.29 (3/2 H), 1.53 (m, 1/2 H), 1.32 (m,' 1/2 
H), 0.90 (t. 7 Hz, 3/2 H), 0.79 (t. 7 Hz. 3/2 H). 
FAB-MS: 601.2 (M+1). 



15 



20 



25 



30 



EXAMPT P, B72 Tds. d^+t^O) 
H H 

NH2HCI 




Step A: 



Et02C 




OH 



To a solution of the intermediate prepared in Example B62, 
Step C (235 mg) in methanol (3 ml) was added 1 N hydrochloric acid 
(0.5 ml) and stirred for an hour. To the resulting mixture was added 
NaCNBH3 d-O N in THF. 0.7 ml) and after 5 minutes the reaction 
mixture was poured into 1 N hydrochloric acid and extracted with ether. 
The organic layer was washed with brine, dried over sodium sulfate and 



wo 95/13069 



PCr/US94/12816 



-247- 

concentrated. The residue was purified (chromatatron, hexanes/ethyl 
acetate=l/l) to give die desired product (142 mg). 

Step B: 

H HCI 



10 




To a solution of the intermediate prepared in Step A (142 
mg) m methanol was added HCI in ether and Pd(0H)2 and stirred under 
an hydrogen atmosphere for 12 hours. The mixture was filtered through 
15 Celite and the filtrate was concentrated to give the desired product (105 
mg). 



20 



25 



30 



Step C: 




NH2HCI 



-To the intermediate (105 mg) prepared in Step B in 2 ml of 
chloroform was added Intermediate 1 (81 mg), EDC (54 mg), HOBt (28 
mg) and triethylamine (53 ml) and the reaction was stirred at room 
temperature for 12 hours and poured into water. The mixture was 
extracted with methylene chloride, dried over sodium sulfate and 
concentrated. Purification of the residue (chromatatron, hexanes/ethyl 
acetate=l/l) gave the desired product which was treated with HCI in 
EtOAc to give the desired product (56 mg). 
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FAB-MS: 519.2 (M+1) 



10 



15 



20 



25 



EXAMPLE B73 (cis. d^+d2\ 
H H 

NHgHCI 



30 




COzMe 



Step A: 



EtOgC 




CO2H 



To the intennediate prepared in Example B72. Step A (100 
mg) at in acetone was added Jones reagent (4 N, 0.2 ml). After 
stirring for 16 hours in room temperature the mixture was quenched with 
isopropanol, filtered through celite. The filtrate was extracted with ethyl 
acetate. The organics were washed with brine and dried over sodium 
sulfate and concentrated to give the desired product (100 mg). 

Step B: 



Et02C 




COzMe 
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To the intermediate prepared in Step A (50 mg) in ether at 
0°C was added diazomethane (Blatt, Org. Syn. Collective Vol. 4, p225) . 
The mixture was slowly warmed up to room temperature and stirred for 
12 hours. Concentration and purification of the residue (PLC, 
hexanes/ethyl acetate=3/l) gave the desired product (50 mg). 

Step C: 



10 



15 




The intermediate prepared in Step B (50 mg) was dissolved 
in methanol and hydrogenated over Pd(0H)2/C at one atmosphere for 
one and half hours. The mixture was filtered dirough Celite and the 

20 filtrate was concentrated under vacuum. To the residue in chloroform 
was added intermediate 1 (48 mg), EDC (45 mg) and HOBt (24 mg). 
After a couple of hours, the mixture was concentrated and purified 
(chromatatron, hexanes/ethyl acetate=l/l) to give the coupled product. 
Deprotection of this material by the HCl/EtOAc protocol gave the desired 

25 product (47 mg). 

FAB-MS: 563.1 (M+1) 



wo 95/13069 



PCT/US94/12816 



-250- 

EXAMPLER7 4rcis.d1.»^2> 



5 



10 

Step A; 



15 




To the intennediate prepared in Example B73, Step A (50 
mg) in chloroform was added glycine ethyl ester HQ salt (51 mg), EDC 
(46 mg) triethylamine (84 ml), and HOBt (32 mg). The reaction was 
stirred at room temperature for 12 hours and poured into water. The 
mixmre was extracted with methylene chloride and dried over sodium 
sulfate, concentrated and purified (PLC, hexanes/ethyl acetate=l/l) to 
give the coupled product (45 mg). 

Step B: 




I 

C02Et 

o 

C02Et 



20 



25 
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The title product (43 mg) was prepared from the 
intermediate (45 mg) obtained in Step A by the procedure desired in 
Example B73, Step C. 
FAB-MS: 634.2 (M+1). 

EXAMPLE B75 Tcis. dl+d2^ 



10 



15 



20 




To intermediate prepared in Example B73, Step A (53 mg) 
in chloroform was added ethanolamine (12 ml), EDC (37 mg) and HOBt 
(19 mg) and stirred at room temperamre for 12 hours and poured into 
water. The mixture was extracted with methylene chloride and dried over 
sodium sulfate and concentrated. The residue was purified 
(chromatatron, methylene chloride/methanol=20/l) to give the coupled 
product (29 mg). 



StepB: 
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H H 



10 



NH2HCI 




The desired product (16.8 mg) was prepared from the above 
intermediate (29 mg) by the procedure described in Example B62, Steps 
F and G. 

FAB-MS: 581.2 (M+1). 



15 



20 



25 



30 



EXAMPLF. R7^^ 




NHaHCI 



COgEt 



To a solution of the intermediate prepared in Example B 12 
Step A-1 (100 mg) in acetic acid was added Pt02 and hydrogenated at ' 
one atmosphere for 24 hours (monitored by TLC). The mixture was 
filtered through Celite. the filtrate was concentrated and the residue was 
azeotroped with toluene. The residue was dissolved in TFA and stiired 
for 20 minutes at room temperature. The reaction mixture was 
concentrated and the residue was dissolved in methylene chloride (0.5 
ml) and was reacted with intermediate 1 (15 mg), EDC (15 mg), HOBt (6 
mg) and triethylamine (1 1 ml). The mixture was stirred at rooni 
temperature for 3 hours and poured into water. The mixture was 
extracted with methylene chloride, dried over sodium sulfate and 
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concentrated. Purification of the residue (PLC, hexanes/ethyl 
acetate=l/l) gave the coupled product which was treated with HCl in 
EtOAc to yield the desired product (8 mg). 
FAB-MS: 511.1 (M+1) 

EXAMPLE B77 (c.\r. HI-pH^^ 

Mil ' YA"''' 
CO o 

C02Et 



The intermediate prepared in Example B12, Step B was 
dissolved in methanol and hydrogenated over Pd(0H)2 at one 
atmosphere for a couple of hours. The mixture was filtered through celite 
and the filtrate was concentrated under vacuum. To the residue (88 mg) 

20 in chloroform (1 ml) was added N-Boc-P,p-dimethyl-p-alanine (48 mg, 
W.R. Schoen etc., J. Med. Chem.. 21, 897 (1994)), EDC (48 mg), and 
HOBt (30 mg), stirred for 12 hours and the mixture was poured into 
water. The mixture was extracted with methylene chloride, dried over 
sodium sulfate and concentrated. Purification of the residue 

25 (chromatatron, hexanes/ethyl acetate=l/l) gave the coupled product that 
was deblocked with HCl in EtOAc to give the desired product (58 mg) 
FAB-MS: 519.2 (M+1) 




30 
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EXAMPLE B78 (cis. dl-fd2^ 



10 



5 




Step A; 



H, 



OTHP 
? 



15 




To a solution of methyl (R)-lactate (1 ml) in dihydropyran (5 
ml) was added one drop of concentrated hydrochloric acid at room 
temperature. The reaction was stirred for an hour, concentrated and 
purified by chromatatron (hexanes/ethyl acetate=3/l) to give the desired 
product (1.49 g). To the THP protected lactate (500 mg) m toluene (10 
ml) was added diisobutylaluminum hydride (IN in cyclohexane, 3.45 ml) 
at -78°C and after one and half hours, the reaction was quenched with 
methanol at low temperature. The mixture was poured into 5% aqueous 
citric acid and extracted with ether. The organic layer was washed with 
brine, dried over sodium sulfate and concentrated to give the protected 
aldehyde. 
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5 



CO O 



N 



HCI 



10 




To a solution of the product (25 mg) prepared in Example 
B77 in methanol (0.5 ml) was added the intermediate (36 mg) prepared i 
Step A and sodium acetate (18 mg) and stirred at room temperature for a 
hour. To the mixture was added NaCNBHs (IN in THF, 90 ml) slowly 
and stirred for 16 hours and concentrated. The residue was purified by 
chromatatron (methylene chloride/methanol/ammonium 
hydroxide=10/l/0.1) to give the desired product which was dissolved in 
methanol (0.5 ml) and was treated with 9 N hydrochloric acid (0.2 ml). 
After stirring for 2 hours, the mixture was concentrated and dried to give 
the desired product (10.5 mg). 
FAB-MS: 577.4 (M+1). 



25 



30 
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EXAMPLHn 
H 




OEt 



Step A : 




OEt 



To a stirred solution of ethyl nipecotate (15 g, 95.4 mmol) 
and DMAP (0.05 eq.) in dichloromethane at 0*»C was added dropwise by 
an addition funnel di-tert-butyl dicarbonate (21.8 g, 100 mmol) in 
dichloromethane (200 mL). The mixture was stined for 2-3 hours. The 
solution was washed with 3 N HCl and saturated sodium chloride, dried 
over anhydrous magnesium sulfate; then filtered and concentrated to give 
the desired product (18.7 g, 88%). 

Step B : 
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To a stiired solution of ethyl N-t-Boc nipecotate (7 g, 26.90 
mmol) in THF (100 mL) at -78°C under argon was added LHMDS (28 
mL, 28 mmol) over a 10 minute period. The solution was allowed to stir 
an additional 30 minutes at -78°C; then benzyl bromide (4.8 g, 28 mmol) 
was added slowly to the solution. The reaction mixture was stirred 
overnight and allowed to warm to room temperature. The material was 
concentrated, then diluted with water, and extracted using ethyl acetate (2 
X 200 mL). The organic layer was dried over anhydrous magnesium 
sulfate, filtered, and concentrated. Purification by silica gel flash column 
chromatography, eluting with 20% ethyl acetate in hexane, provided the 
tide compound. (8.32 g, 88%). 

FAB-MS calc. for C20H29NO4: 347; Found 348 (M+H) 



20 




A solution of the intermediate from Step B (8 g, 23.02 
mmol) in ethyl acetate (80 mL) was cooled to O^C. While stirring, 
hydrogen chloride gas was bubbled into the mixture until saturation 
occurred. The reaction was stirred for 40 mmutes, until TLC analysis 
indicated that the reaction was complete. The solution was then 
concentrated to remove the ethyl acetate to afford the product (6.53 g 
99%). 

IH NMR (CDCI3. 400MHz) 5 7.25-7.19 (m, 3 H), 7.04-7.01 (m, 2 H), 
5.35 (v. br. s, 2 H), 4.22-4.10 (m, 2 H), 3.44 (d, J = 13 Hz, 1 H), 3.21 (br. 
d, J = 12.7 Hz, 1 H), 2.95 (d, J = 13.5 Hz, 1 H), 2.76-2.68 (m, 3 H), 2.22 
(br. d, J = 13 Hz, 1 H), 1.73-1.71 (m, 1 H), 1.61-1.48 (m. 2 H), 1.18 (t, J 
= 7Hz,3H). 

FAB-MS calc. for C15H21NO2: 247; Found 248 (M+H) 
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Step D : 

H 




and 




30 



To a solution of the intermediate prepared in the previous 
step (1.2 g, 4.23 mmol), and Intermedate 1 (1 eq.), HOBT (1 eq ) and N- 
methyl morpholine (1 eq.) in dichloromethane cooled to O^C wai added 
EDC (1 .5 eq.). The reaction mixture was stirred at OX overnight The 
solution was washed with sauirated sodium chloride, dried over 
anhydrous magnesium sulfate; then filtered and concentrated 
Punfication by MPLC eluting with 40% ethyl acetate in hexane provided 
two enantiomerically pure compounds. The compound which came out 
tu-st from the column was designated as dl (1.14g). which has an R- 
absolute stereochemistry at the 3-position of the nipecotate; and the 
compound which came out of the column second was designated as d2 
(1.08 g). which has an S-absolute stereochemistry (see Example C2 for 
assignment) at the 3-position of the nipecotate. 
dl FAB-MS calc. for C35H46N4O6: 618; Found 619 (M+H) 
d2 FAB-MS calc. for C35H46N4O6: 618; Found 619 (M+H) 

Step E : 
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5 




10 

Prepared by the procedure described in Step C from the 
intermediates dl from the previous step (1 g) in ethyl acetate (20 mL) and 
HCl gas at 0°C for 1.5 hours. Product : 860 mg, 91%. 
FAB-MS calc. for C30H38N4O4: 518; Found 519 (M+H) 

15 

EXAMPT.RriA 



25 




Prepared by the procedure described in Step C of Example 
CI from 1 g of the d2 intermediates from the Step D of Example CI in 
ethyl acetate (20 mL) by bubbling HCl at 0**C until saturated and then 
evaporated after 30 minutes to give the title compound (878 mg, 93%) 
FAB-MS calc. for C30H38N4O4: 518; Found 519 (M+H) 
IH NMR (CD3OD. 400MHz) compound exists in two rotamers in 
approximately a 5/3 ratio that slowly interconvert relative to the NMR 
time scale 5 7.60 (d, J = 7.9 Hz. 5/8 H), 7.55 (d, J = 7.9 Hz, 3/8 H) 7 34- 
6.93 (m. 9H). 5.36 (dd, J = 5.2Hz. 9.7 Hz, 3/8 H), 5.31 (dd, J = 6.7 Hz 
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8.8 Hz, 5/8 H), 4.23 (br. d, J = 13.7 Hz. 3/8 H). 4.10-4.00 (m, 6/8 H), 
4.04-3.98 (m, 3/8 H), 3.96-3.82 (m, 10/8 H), 3.80 (br. d, J = 13.5 Hz, 5/8 
H), 3.36 (br. d, J = 13.3 Hz, 5/8 H), 3.29-3.22, 3.17-3.10. (2in. 2H), 3.20 
(br. d, J = 14.5 Hz, 3/8 H), 3.10-2.96 (m, 5/8 H), 2.90 (s, 6/8 H), 2.60 (d, 
J = 13.4 Hz, 5/8), 2.41 (d, J = 13.4 Hz, 5/8 H), 2.19-2.12, 1.82-1.70, 1.68- 
1.60, 1.50-1.40, 1.34-1.25, 1.05-0.95 (6m, 4 H),1.55 (s, 9/8 H), 1.50 (s, 
15/8 H). 1.09 (t, J = 7.1 Hz, 3 H). 

The additional intermediates shown in Table CI were 
prepared according to the above established procedures as exemplified in 
Example CI steps A through C. The final compounds were prepared 
according to Example CI Steps D and E, and Example Cla using 
Intermediate 1. 

TABLE CI: ADDTTTONAL EXAMPLES 



20 



25 



30 



H 

NHa HCI 





Intermediate 


Product 




Intermediate Product 


entry 


Y 


MF MP 

FAB-MS (M+1) FAB-MS (M+1) 


isomer^ 


1 


Me 


C9H17NO2 C24H34N4O4 
171(M+,EI-MS) 
C10H19NO2 C25H36N4O4 

185 (M+, EI-MS) "^^^ 
C11H21NO2 C26H38N4O4 

199 (M+,EI-MS) "^^^ 


dl 


2 


Et 


d2 
dl 


3 


n-Pr 


d2 
dl 






d2 
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4 aUyl 

5 n-Bu 

6 -CH20Et 

7 cyclohexane- 
methyl 

8 Ph(CH2)2- 

9 Ph(CH2)3- 

10 o-MeOBn- 

11 m-MeOBn- 

12 p-MeOBn- 

13 o-Me-Bn- 

14 m-Me-Bn- 

15 p-Me-Bn- 

16 o-Cl-Bn- 

17 m-Cl-Bn- 

15 p-Cl-Bn- 

16 2,6-di-Cl-Bn- 

17 p-Br-Bn- 



-261- 

C11H19N02 
198 

C12H23NO2 
213 (M+3I-MS) 
C11H21NO3 
216 

C15H27NO2 
254 

C16H23NO2 
261 (M+,EI-MS) 
C17H25NO2 
275 (M+,EI-MS) 
CI6H23NO3 
278 

C16H23NO3 
278 

CI6H23NO3 
278 

C16H23NO2 
262 

CI6H23NO2 
262 

CI6H23NO2 
262 

C15H20NO2CI 

282,284(3:1) 

C15H20NO2CI 

282,284(3:1) 

C15H20NO2CI 

282,284 (3:1) 

C15H19NO2CI2 

316,318,320 

Cl5H20NO2Br 

326,328(1:1) 



C26H36N4O4 
469 

C27H40N4O4 
485 

C26H38N4O5 
487 

C30H44N4O4 
525 

C31H40N4O4 
533 

C32H42N4O4 
547 

C31H40N4O5 
549 

C31H46N4O5 
549 

C31H46N4O5 
549 

C3iH4()N404 
533 

C31H40N4O4 
533 

C31H40N4O4 
533 



dl 
d2 
dl 
d2 
RS 

dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 
dl 
d2 

C30H37N4O4CI dl 
554,556 (3:1) d2 
C30H37N4O4CI dl 
554,556(3:1) d2 
C30H37N4O4CI dl 
554,556(3:1) d2 
C30H36N4O4CI2 

587,589,591 
C30H37N4O4Br dl 
597,599 (1:1) d2 
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18 


m-Br-Bn- 


Cl5H20NO2Br 


C30H37N4O4Br 


dl 






326,328(1:1) 


597,599(1:1) 


62 


19 


o-nitro-Bn- 


C15H20N2O4 


C30H37N5O6 


dl 






293 


564 


d2 


20 


m-nitro-Bn- 


C15H20N2O4 


C30H37N5O6 


dl 






293 


564 


d2 


21 


p-nitro-Bn- 


C15H20N2O4 


C30H37N5O6 


dl 






293 


564 


d2 


22 


1-naphthylmethyl C19H23NO2 


C34H40N4O4 


dl 






298 


569 


d2 


23 




C13H18NO2SCI 


C28H35N4O4SCI 


dl 






288,290 (3:1) 


559,561(3:1) 


d2 


24 


Bn02C- 


CI6H21NO4 


C31H38N4O6 


RS 






292 


563 




25 


Et02C- 


C11H19NO4 


V-26H36N406 


RS 






230 


501 






p-Ph-Bn- 


C21H25NO4 


C36H42N4O4 


dl 






324 


595 


d2 


27 


CI6H20NO4CI 


C31H37N4O6CI 


dl 






326,328(3:1) 


597, 599(3:1) 


d2 


28 




C17H20N2O4 


C32H37N5O6 


dl 






317 


588 


d2 



30 



a: Fn this and in subsequent tables for isomer designation: R or S means 
the stereochemistry at the carbon atom to which X and Y are attached, RS 
means it is a mixture of the two isomers at this center; dl or d2 means 
the two diastereomers were separated and are as defined in Example CI 
step D. 



The additional examples shown m Table Cla were prepared 
according to Example CI Steps D and E, using Intermediate 1 and 
conmiercially available intermediates. 
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TABLE Cla: ADDITTONAL EXAMPT.RS 



5 




I ntermediate Product 



10 






Product 




entry 


X 


MF 


isomer 








FAB-MS (M+1) 






1 


-OH 


C20H28N4O3 


RS 








373 






2 


-CH20H 


C21H30N4O3 


RS 


15 






387 






3 


-C02Et 


C23H32N4O4 


RS 








429 






4 


C02Bn 


C28H34N4O4 


RS 








491 




20 


5 


C0NMe2 


C23H33N5O3 


RS 








428 





The additional Products shown in Table Clb were prepared 
according to Example CI Steps D and E, using Intermediate 3 and some 
25 of the intermediates shown in Table CI . 



30 
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TABLE Clb! ADDTTTONAT . EXAMPLES 



H 

C=0 O 
^COgEt 



Product 


entry 


Y 


MF 

FAB-MS (M+1) 


isomer 


1 
1 

2 

3 


Bn 
Bn 

Ph(CH2)2 


C30H41N3O4 
508 

C30H41N3O4 
508 

C31H43N304 
522 


R 
S 

dl 


4 


Ph(CH2)3 


C32H45N3O4 
536 

C34H43N3O4 
558 


d2 
dl 


5 


1-naphthylmethyl 


d2 
RS 


6 




C28H38N3O4SCI 
548.550(3:1) 


RS 


7 


p-Ph-Bn- 


C36H45N3O4 
584 


RS 


8 


Bn02C- 


C31H41N3O6 
552 


RS 


9 




C31H40N3O6CI 
586,588 (3:1) 


dl 
d2 



The additional products shown in Table CIc were prepared 
according to Example CI Steps D and E, usmg Intermediate 2 and some 
of the intermediates shown in Table CI. 
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TABLE CIc: ADDITTONAT F y ampt Pi; 

H 

9=0 O 



Ph' 



10 



15 



20 



25 



30 



entry 


Y 


MF 

FAB-MS (M+1) 


isomer 


1 


Bn 


C29H39N305 


R 




510 




2 


Bn 


C29H39N305 


S 






510 




3 


Et 


C24H37N305 


RS 






448 




4 


Ph(CH2)2 


C30H41N3O5 


dl 






524 


62 


5 


Ph(CH2)3 


C31H43N305 


dl 






538 


d2 


6 


H 


C22H33N305 


RS 






420 








EXAMPLFT? 





H ^N^ 




OEt 



Step A: 
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H L-tartarIc acid 




The intermediate from Example CI, Step C (50.8 g) was 
dissolved m dichloromethane and it was washed with 3N NaOH The 
aqueous layer was extracted with dichloromethane and the combined 
solution was dned (MgS04) and evaporated to give the free amine as an 
oil. The ethyl 3-benzyl nipecotate and D-tartaric acid (31 g) were 
Solved in 880 mL of water/acetone (1:4) solution with heating. Tke 
solution was left m the refrigerator overnight and the ciystals wLh were 
fonned were filtered off. Reciystallization in 470 mL of water/acetone 
(1.4) at room temperature gave the ethyl 3-(R)-benzyl nipecotate D- 
tartaric acid salt (21 g). j f i-^ 

Tht structure of this compound was determined by X-Ray 
crystaUographic analysis. With the confi^^^ ^ 
known to be S.S, the configuration of the chiial site in this ethyl 3- 
benzylmipecotate salt was determined to be R. 

A xr 3?^ mother liquor was evaporated and to it was 

added 3N NaOH and dichloromethane. the mixture was stirred for 
mmutes and the organic layer was separated. The aqueous was extracted 
nvice with dichloromethane and the combined orga^c extracts ^ 
dned over MgS04 and evaporated to give 24.4 g of the S-isomer 
ennched compound. It was crystaUized with L-tartaric acid (14.8 g) in 
400 mL of water/acetone (1 :4) at room temperature to give ethyl 3 (S)- 
benzyl mpecotate L-tartaric acid salt (27 3 g) 

^ "'-'-^'^ 3 H). 7 '2-7.09 (m. 2 H). 

Hz, 1 H), 3.06 (d, J = 13.6 Hz, 1 H), 2.98 (d, J = 13 Hz, 1 H) 2 92 (dt ] - 
3.3 Hz, 13 Hz. 1 H), 2.82 ( d, J = 13.6 Hz, 1 H). 2.30 (i J = " 
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H), 1.88 (td, J = 3 Hz, 14.5 Hz, 1 H), 1.69 (dt, J = 3 Hz, 13 Hz, 1 H), 
1.63-1.51 (m, 1 H), 1.25b (q, J = 7.1 Hz, 3 H). 



10 




15 Ethyl 3 (S)-benzyl nipecotate L-tartaric acid salt (39.74 g) 

was suspended in 70 mL of 3N NaOH and 70 mL of water, followed by 
extraction with dichloromethane. The extracts were combined, dried, and 
evaporated to give a thick oil. To a stirred solution of the oil, N-t-Boc D- 
TrpOH (30.43 g) and HOBt (13.5 g) in dichloromethane (200 mL) at 

20 ^^^^ (-^^ S) in several portions. The mixture was stirred 

overnight and it was poured into water and 3 N HQ and was extracted 
with dichloromediane. The organic layer was washed with brine, 
saturated sodium bicarbonate, dried over MgS04 and evaporated to give 
a crude product (67.7 g), which was used without further purification. 

2^ FAB-MS calc. for C3 IH39N3O5: 533; Found 534 (M+H) 

StepC: 



30 
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To a solution of the intermediate from the previous step 
(67.7 g crude) in ethyl acetate (100 mL) at 0°C, was bubbled HCl gas 
until it was saturated. The reaction mixture was stirred at 0°C for 30 
minutes and was evaporated to remove excess HCl and ethyl acetate. 
The residue was suspended in dichloromethane and was washed with a 
mixture of 3 N NaOH (70 mL) and water (100 mL). The organic layer 
was dried (MgS04), evaporated to a small volume and used in next step 
without further purification. 

FAB-MS calc. for C26H31N3O3: 433; Found 434 (M+H) 
StepP: 



15 



20 




A solution containing the intermediate obtained in the last 
step, N-Boc-a-Me-AlaOH (20.3 g), and DMAP (200 mg) in 
dichloromethane (100 mL) was stirred at room temperature and to it was 
added EDC (24 g) in several portions. The reaction mixture was stirred 
for 3 hours and was worked up by diluting it with dichloromethane and 
washing with 3 N HCl, brine, and saturated sodium bicaifconate solution. 
TTie organic layer was dried over MgS04, and evaporated to give a thick 
oil. This oil was passed through a pad of silica gel, elutmg with 60% 
ethyl acetate in hexane to remove some very polar impurities, to give the 
desired compound (54.2 g) 

FAB-MS calc. for C35H46N4O6: 618; Found 619 (M+H) 



Step F : 
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H 



(fW^^^NH,HC. 

K^^J 9=0 o 




To a solution of the intennediate from the previous step 
(54.2 g) in ethyl acetate (100 mL) at O^C, was bubbled HCl gas until it 
was saturated. The reaction mixture was stirred at 0°C for 15 minutes 
and was evaporated to remove excess HCl and ethyl acetate. The residue 
was first dissolved in dichloromethane (100 mL) and then ethyl acetate 
(300 mL) was added. The mixture was stirred overnight and the solid 
was collected by filtration to give the title compound (34 g). Further 
evaporation of the mother liquor to a small volume gave the second crop 
of product (10.1 g). 

MS and NMR identical with Example CIA. 



The additional products shown in Table CII were prepared 
according to Example C2, Steps B through F, using the readily available 
2g Boc protected amino acids instead of N-t-Boc-D-TrpOH. 



TABLRCTT 
H 



J 9=0 O 



COaEt 
Bn 



Product 
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entry 


R 


MF 

FAB-MS (M+l) 


1 


4-F 


C30H37N4O4F 






537 


2 


5-F 


C30H37N4O4F 






537 


3 


6-F 


C30H37N4O4F 






537 


4 


1-Me 


C31H40N4O4 






533 


5 


5-MeO 


C31H40N4O5 






549 


6 


5-HO 


C30H38N4O5 






535 


7 


6-MeO 


C31H40N4O5 



20 



25 



30 



gtepA; 



EXAMPI.K 
H 




^^"^2 HCI 
C=0 O 



rcOgEt 



Boc 



To a stirred solution of ethyl 3-pyrrolidinecarboxylate 
hydrochloride (J. Chem. Soc, 24, 1618-1619; 10 g. 69.8 nunol), 
triethylamine (7.75 mL) and DMAP (857 mg) in dichloromethaiie (40 
mL), was slowly added di-t-butyl dicarboxylate (18.3 g, 83.7 mmol) and 
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the resulting mixture was stirred at room temperature for three days. The 
mixture was then concentrated, washed with 3 N HCl and dried and 
evaporated to give the intermediate. 

gtepP: 

Boc 



10 




COgEt 



Prepared by the procedure described in Example C 1 , Step B 
from the intermediate obtained from previous step (500 mg, 2.05 mmol), 
KHMDS (512 mg, 2.57 nmiol) and benzyl bromide (371 mg, 2.16 mmol). 
Purification by siUca gel flash column eluting with 5-20% ethyl acetate in 
hexane provided the title compound (385 mg, 56%). 

Step C : 



20 




25 Prepared by the procedure described in Example C 1 , Step C 

from the intermediate from the previous step (385 mg, 1.16 mmol) in 
ethyl acetate (5 mL) and HCl gas at O'^C for 15 minutes (306 mg, 98%). 



30 
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StepD : 



K^J 9=0 o 



H -N. 





^COgEt 



Prepared by tb. ocedure described in Example CI, Step D 
from the intermediate prep:. in the previous step (138 mg, 0.514 
nmiol), intermediate 1 (200 ing, 0.514 mmol), HOBT (1 eq.), N-methyl 
morpholine (1 eq.), and EDC (2 eq.). Purification by MPLC, eluting with 
60% ethyl acetate in hexane gave the product (250 mg, 80%) 
FAB-MS calc. for C34H44N4O6: 604; Found 605 (M+H). 



Step E : 



K^^J^ 9=0 o 



H 



rcOgEt 

& 



Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (250 mg, 0.036 mmol) in 
ethyl acetate (3 mL) and HCl gas at 0°C for 10 minutes. 
FAB-MS calc. for C29H36N4O4: 504; Found 505 (M+H). 
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25 



30 



EXAMPT.R CA 
H 



J> c=o o 




NH2 HCI 



OEt 



Step A : 




OEt 



To a stirred solution of ethyl N-t-Boc nipecotate (4 g, 15.7 
mmol)) in THF (100 mL) at -78''C under argon was added LHMDS (1 M, 
32 mL, 32 mmol) over a 10 minute period. The solution was allowed to 
stir an additional 30 minutes at -78°C; then methyl disulfide (1.92 g, 
20.37 mmol) was added slowly to the solution. The reaction mixture was 
stirred overnight and aUowed to warm to room temperature. The material 
was concentrated, then diluted with water, and extracted using ethyl 
acetate (2 x 200 mL). The organic layer was dried over anhydrous 
magnesium sulfate, filtered, and concentrated. Purification by silica gel 
flash column chromatography elutmg with 20% ethyl acetate in hexane 
provided the tide compound. 

FAB-MS calc. for C14H25NO4S: 271; Found 272 (M+H) 
StepB : 




OEt 
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Prepared by the procedure described in Example CI, Step C 
from flie intermediate from the previous step (1 g, 3.3 nraiol) in ethyl 
acetate (25 mL) and HCl gas at 0*'C for 35 minutes to yield the product 
(783 mg, 99%). 

FAB-MS calc. for C9H17NO2S: 171; Found 271 (M+H) 
Step C : 



10 



15 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (123 mg, 0.514 
mmol). Intermediate 1 G eq.), HOBT (1 eq.), NMM (1 eq.), and EDC 

20 (197 mg, 1.028 mmol). Purification by MPLC provided diastereomers. 
The compound which came out first fijom the column was designated as 
dl (109 mg, 37%); and the compound which came out of tiie colunm 
second was designated as d2 (88 mg, 30%), 
dl FAB-MS calc. for C29H42N4O6S: 574; Found 575 (M+H) 

25 d2 FAB-MS calc. for C29H42N4O6S: 574; Found 575 (M+H) 

StepP : 



30 
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Prepared by the procedure described in Example CI, Step C 
from the intermediates dl(80 mg) and d2 (80 mg) separately from the 
previous step in ethyl acetate (5 mL each) and HCl gas at 0*'C for 20 
minutes. 

dl:(71 mg, 99%) 
d2: (70 mg, 98%) 

dl IH NMR (CD3OD, 400MHz): The compound exists in two rotamers 
in approximately a 1:1 ratio. 5 7.71 (d, J = 7.2 Hz, 1/2 H), 7.56 (d. J = 
7.2 Hz, 1/2 H), 7.38 (d, J = 8.0 Hz, 1/2 H), 7.33 (d, J = 7.5 Hz, 1/2 H), 
7.14-7.01 (m, 3 H), 5.44 (dd, J = 6 Hz, 8 Hz, 1/2 H), 4.30-4.10 (m, 5/2 
H). 3.92 (d. J = 13.3 Hz, 1/2 H), 3.81 (d, J = 13.3 Hz, 1/2 H), 3.67 (d, J = 
13.3 Hz, 1/2 H), 3.48-3.40 (m, 1/2 H), 3.28-3.09 (m. 7/2 H), 2.55 (dt, 1/2 
H), 2.26-2.20 (br. d, 1/2 H), 2.05 (s. 3 H), 1.80-1.70 (m. 1/2 H), 1.67, 
1.59, 1.55, 1.43 (4s, 6 H), 1.27 (t, J = 7.0 Hz, 3/2 H), 1.19 (t, J = 7.0 Hz, 
3/2 H), 0.90-0.85 (m, 1/2 H). 

d2 IH NMR (CD3OD, 400MHz): The compound exists in two rotamers 
in approximately a 1:1 ratio. 6 7.77 (d, J = 7.5 Hz, 111 H), 7.56 (d, J = 
7.9 Hz, 1/2 H), 7.35-7.30 (m. 1 H), 7.13-6.98 (m, 3 H), 5.53 (dd, J = 5.5 
Hz, 8 Hz, 1/2 H), 5.24 (app. t, J = 7 Hz, 1/2 H), 4.30 (br. d, J = 14 Hz, 1/2 
H), 4.20-4.10 (m, 2 H), 3.90-3.85 (m, 1/2 H), 3.86 (d, J = 13.2 Hz, 1/2 
H). 3.70 (d, J = 13.7 Hz, 1/2 H), 3.35-3.10 (m, 4 H), 2.30-2.20 (m, 1/2 
H), 2.12, 2.04 (2s, 3 H), 2.04-2.00 (m, 1/2 H), 1.80-1.70 (m. 3/2 H), 1.54, 
1.50, 1.43, 1.26 (4s, 6 H), 1.23 (t, J = 6.7 Hz, 3 H), 0.90-0.84 (m, 1/2 H). 
dl FAB-MS calc. for C24H34N4O4S: 474; Found 475 (M+H) 
d2 FAB-MS calc. for C24H34N4O4S: 474; Found 475 (M+H) 

The additional mtermediates shown in Table CUI were 
prepared according to the above established procedure as exempUfied in 
Example C4 steps A and B. The final compounds were prepared 
accordmg to Example C4 Steps C and D, using Intermediate 1. 
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TABLECTTT 



H 

Intermediate 



,C02Et 



Product 



10 







Intermediate 


Product 




entry 


Y 


MF 

FAB-MS (M+l) 


MF 

FAB-MS (M+l) 


isomer 


1 
2 


PhS- 
BnS- 


C14H19NO2S 
266 

C15H21NO2S 


C29H36N4O4S 
537 

C30H38N4O4S 


dl 
d2 
dl 


3 


2-pyridylthio- 


280 

C13HI8N2O2S 


551 

C28H35N5O4S 


d2 
RS 






267 


538 




4 




C27H35N5O4S2 
558 


RS 



15 



20 



EXAMPT.Fr^ 
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Step A : 



Boc 



5 




To a stiired solution of NaI04 (316.5 mg, 1.48 mmol) in 
water (5 mL) and ethanol (5 mL) was added the intermediate from 
Example C4, Step A (300 mg. 0.99 mmol). The mixmre was stirred for 5 
hours at room temperature, then concentrated to remove ethanol. The 
material was then extracted with ethyl acetate (2 x 10 mL). The organic 
layer was dried over magnesium sulfate and concentrated to give the title 
compound (286 mg, 90.5%). 

FAB-MS calc. for C14H25NO5S: 319; Found 320 (M+H) 
StepB : 



HHCI 



20 




Prepared by the procedure described in Example CI, Step C 
from the intermediate fix)m the previous step (230 g, 0.72 mmol) in ethyl 
acetate (10 mL) and HQ gas at 0°C for 25 minutes (197 mg, 100%). 
FAB-MS calc. for C9H17NO3S: 219; Found 220 (M+H) 



10 



15 



30 
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Step C : 



5 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (140 mg, 0.547 
mmol). Intermediate 1 Q. eq.), HOBT (1 eq.), N-methyl morpholine (1 
eq.), and EDC (210 mg, 1.094 mmol). Purification by MPLC provided a 
15 diastereomeric mixture of compounds (177 mg, 55%). 

FAB-MS calc. for C29H42N4O7S: 590; Found 591 (M+H) 

StepD : 



20 



25 




Prepared by the procedure described in Example CI, Step C 
30 from the intermediate from the previous step (150 mg, 0.254 mmol) in 
ethyl acetate (10 mL) and HCl gas at 0°C for 20 minutes (1 18 mg, 90%). 
FAB-MS calc. for C24H34N4O5S: 490; Found 491 (M+H) 
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EXAMPLF Cfi 




Step A : 



15 



20 



25 




OEt 



To a stiiTed solution of Oxone (910 mg, 1.48 mmol) in water 
(5 mL) and methanol (5 mL) was added the intennediate from Example 
C4, Step A (300 mg, 0.99 mmol). The mixture was stined for 4 hours at 
room temperature, then concentrated to remove methanol. The residue 
was then extracted with ethyl acetate (2 x 10 mL). The organic layer was 
dried over magnesium sulfate and concentrated to give the title 
compound (321 mg, 97%). 

FAB-MS calc. for C14H25NO6S: 335; Found 336 (M+H) [Found 236 
(M- t-Boc)] 



30 
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Prepared by the procedure described in Example CI, Step C 
fix)m the intermediate from the previous step (221 mg, 0.66 mmol) in 
ethyl acetate (10 mL) and HCl gas at 0°C for 25 minutes (192 mg, 99%). 
FAB-MS calc. for C9H17NO4S: 235; Found 236 (M+H) 

StepC : 



10 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (140 mg, 0.515 
mmol), Intermediate 1 Q eq.), HOBT (1 eq.), N-methyl morpholine (1 
eq.), and EDO (197 mg, 1.03 mmol.). Purification by MPLC provided a 
20 diastereomeric mixture of compounds (251 mg, 80%). 

FAB-MS calc. for C29H42N4O8S: 606; Found 607 (M+H) 

StepD : 



25 



30 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (210 mg, 0.317 mmol) in 
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ethyl acetate (10 mL) and HQ gas at 0**C for 30 minutes (193 mg, 
98.5%) FAB-MS calc. for C24H34N4O8S: 506; Found 507 (M+H) 

EXAMPLR Cn 



10 




25 To a stirred solution of ethyl N-t-Boc nipecotate (50 g, 0. 196 

mol) in THF (600 mL) at -TS^C under argon was added KHMDS (0.5 M 
in toluene, 298 mL, 0.298 mol) over a 30 minute period. The solution 
was allowed to stir an additional 30 minutes at -78X. Meanwhile, a 
suspension of 2-picolyl chloride hydrochloride (25 g) in dichloromethane 

30 was washed with a mixture of 3 N NaOH and brine to remove the 

hydrochloride. The organic layer was dried over MgS04 and evaporated 
to yield a brown oil and it was added slowly to the solution at -780C. 
The reaction mixture was stirred overnight and allowed to warm to room 
temperature. The material was concentrated, then diluted with water, and 
extracted using ethyl acetate. The organic layer was dried over 
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anhydrous magnesium sulfate, filtered, and concentrated. Purification by 
silica gel flash column chromatography eluting with a solvent gradient of 
20-80% ethyl acetate in hexane provided the title compound. (54.8 g, 
80%).lH NMR (CD3OD, 400MHz) 6 8.45 (dd, J = 1.5 Hz, 5 Hz, 1 H), 
7.52 (app dt, J = 2 Hz, 8 Hz, 1 H), 7.07 (dd, J = 5 Hz, 6.6 Hz, 1 H), 7.05 
(d, J = 8 Hz, 1 H), 4.09-4.04 (br. m, 2 H). 3.92 (br. d, 1 H), 3.46 (br. m, 1 
H), 3.30-3.10 (br. m, 1 H). 3.06 (d, J = 13.7 Hz, 1 H), 2.95 (d, J = 13. 7 
Hz, 1 H), 2.01-1.91 (br. m, 1 H), 1.63-1.50 (br. m, 3 H), 1.36 (v. br. s. 9 
H), 1.13 (t, 7.1 Hz, 3 H). FAB-MS calc. for C19H28N2O4: 348; Found 
349 (M+H) 



Step B : 



HHCI 

.N, 




Prepared by the procedure described in Example CI, Step C 
from the intermediate firom the previous step (6.36g, 18.2 mmol) in ethyl 
acetate (100 mL) and HCl at O^C for 45 mmutes (6.10g, 100%.) 
FAB-MS calc. for C14H20N2O2: 248; Found 249 (M+H) 



H 



NHBoc 

6=0 6 

I 

30 H 
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Prepared by the procedure described in Example CI, Step D 
from the compound prepared in the previous step (500 mg, 1.556 mmol), 
Intennediate IQ eq.), HOBT (1 eq.). N-methyl moiphoUne (2 eq.), and 
EDC (597 mg, 3.1 1 mmol). Purification by MPLC eluting with ethyl 
acetate provided the title compound (883 mg, 91.5%). 
FAB-MS calc. for C34H45N5O6: 619; Found 620 (M+H) 



StepD : 




Prepared by the procedure described in Example CI, Step C 
from the intennediate from the previous step (250 mg, 0.404 mmol) in 
ethyl acetate (25 mL) and HCl gas at 0°C for 25 minutes (204 mg, 85%) 
FAB-MS calc. for C29H37N5O4: 519; Found 520 (M+H) 

The additional intermediates shown in Table CIV were 
prepared according to the above established procedure as exemplified in 
Example C7 step A and B. The final compounds were prepared 
according to Example C7 Steps C and D, using Intermediate 1. 



TABLE CTV 

H 

30 ^ ^ 



Intermediate Product 
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10 



15 



20 



25 



entry Y 



3- picolyl 

4- picolyl 

2-quinoluie- 
methyl 

a 



CHc 



Bn 



a 



CH2- 
CH3 



Intermediate 


Product 




MF 


MF 


isomer 


FAB-MS (M+1) 


FAB-MS (M+1) 




Cl4H9nN909 


C29H37N504 


PC 


249 


520 


C14H20N2O2 


C29H37N504 


RS 


249 


520 


CI8H22N2O2 


C33H39N504 


RS 


298 


569 


CI6H21N3O2 


C31H38N604 


dl 


288 


559 


d2 


C19H25N3O2 


C34H42N604 


RS 


328 


599 


C15H22N2O2 


C30H39N5O4 


RS 


263 


534 



30 



N CH2- 

The additional compounds shown in Table CIVa were 
prepared according to Example C7 Steps C and D, using some of the 
intermediates shown in Table CIV and Intermediate 3 instead of 
Intermediate 1. 

TABLE CIVa: ADDTTTON AL EXAMPT.F5; 

' Y^H2 HCI 

9=0 o 




entry Y 



MF isomer 
FAB-MS (M+n 
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2- picolyl C29H40N4O4 ^ 

d2 

3- picolyl C29H40N4O4 dl 

4- picolyl C29H40N4O4 dl 

509 d2 

C33H42N404 rs 
559 




10 5 ^ H C31H41N504 dl 

«u 548 

■CHg- d2 



OC' 



'CH3 C30H42N4O4 dl 
523,545(M+Na) ^ 

15 XHo- 



EXAMPLE C8 
H 

20 




30 
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Step A : 



QAc QAc 



5 




Prepared by the procedure described in Example CI, Step D 
from the mtermediate (6g, 18.67 mmol) prepared in Example C7, Step B, 
and using (R)-(-)-(0)-acetyl mandelic acid (1 eq.), HOBT (1 eq.), N- 
methyl morpholine (2 eq.), and EDC (7.16 g, 37.34 mmol). Purification 

^ ^ by MPLC eluting with 80% ethyl acetate in hexane provided two 

enantiomerically pure compounds. The isomer which came out of the 
column first was designated as dl (3.92 g, 99%) and the isomer which 
came out of the colunm second as d2 (3.69 g, 93%) 
FAB-MS calc. for C24H28N2O5 Found 425. The structure of 

^° intermediate dl was determined by x-ray crystallography. Given the 
absolute stereochemisdy of (R) -O- acetylmandelic acid, the 
stereochemistry at the piperidine 3-position was assigned (S)- in dl. 

StepB : 

25 



HHC, 



30 




The intermediate dl from the previous step (2.91g, 6.86 
mmol) in ethanol (30 mL) and concentrated HCl (25 mL) was refluxed 
for five hours. The reaction mixture was evaporated in vacuo and the 
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residue was purified by silica gel flash column chromatography eluting 
with a solvent gradient of 1:10:90 to 2:20:80 ammonium 
hydroxide:methanol:chlorofonn to provide the compound (dl, 1.52g, 
70%). IH NMR (CD3OD, 400MHz) 6 8.84 (app. d, J = 6 Hz, 1 H), 8.60 
(app. dt, J = 1 .5 Hz, 8 Hz, 1 H), 8.04 (t, J = 6 Hz, 1 H), 7.94 (d, J = 8 Hz, 
1 H), 4.34-4.27 (m, 1 H). 4.23-4.17 (m, 1 H), 3.75 (d, J = 13 Hz, 1 H), 
3.46 (d, J = 13.3 Hz, 1 H), 3.40 (d. J = 13.3 Hz, 1 H), 3.31-3.29 (m. 2 H), 
3.20 (d, J = 13 Hz, 1 H), 3.03 (app dt, J = 3.1 Hz. 12.8 Hz, 1 H), 2.24 (br. 
d, 1 H), 2.00-1.93 (m, 1 H). 1.88 (dd, J = 3.7 Hz, 13.5 Hz, 1 H), 1.63-1.60 
(m, 1 H), 1.23 (t, 7.1 Hz, 3 H). FAB-MS calc. for C14H20N2O2: 248; 
Found 249 (M+H) 



Prepared by the procedure described in Example CI, Step D 



from the intermediate prepared in Step B of this example (dl, 1.50g, 4.67 
mmol), N-t-Boc-D-Trp G eq.), HOBT (1 eq.), and EDC (1.53g, 8.00 
mmol). Purification by MPLC eluting with ethyl acetate provided the 
title compound (1.764 g, 71%). FAB-MS calc. for C30H38N4O5: 534; 
Found 535 (M+H) 



StepC : 



20 



15 




30 
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Step D : 



5 



10 




Prepared by the procedure described in Example C3. Step C 
from the intermediate from the previous step (1.658 g, 3.1 1 mmol) in 
ethyl acetate (50 mL) and HCl gas at OX for 35 minutes (1.56 g. 99%). 
FAB-MS calc. for C25H30N4O3:434; Found 435 (M+H) 

StepE : 



20 



25 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in Step D of this example (1.5 g, 2.96 
mmol), N-t-Boc-a-methylalanine (1.1 eq.) DMAP (0.15 eq.), N-methyl 
30 morpholine (1 eq.), and EDC (1.135 g, 5.92 mmol). Purification by 
MPLC provided the title compound. (1.488g, 81%) 
FAB-MS calc. for C34H45N5O6: 619; Found 620 (M+H) 
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10 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from Step E (1.40 g, 2.26 mmol) in e%l acetate 
(100 mL) and HCl gas at 0°C for 1 hour (1.388 g, 100%). 
15 IH NMR (CD3OD, 400 MHz):8.79-8.78 (M, IH), 8.56-8.48 (M, 24), 
8.0-7.96 (M. IH), 7.72 (d. J=8.21 Hz, IH) 7.53 (d, J=7.98, Hz, IH) 7.25- 
7.22 (M, 2H) 6.89-6.86 (M, IH) 5.48-5.43 (M, IH) 3.89 (1, J=7.1 Hz, 
2H) 2.30 (d, J=14.3 Hz, IH) 1.85 (d, J=14.4 Hz, IH) 1.01 (t, J=7.1 Hz. 
3H) FAB-MS calc. for C29H37N5O4: 519; Found 520 (M+H) 

20 

EXAMPLE rQ 



25 



30 




The title compound was similarly prepared from the 
intermediate d2 from Example C8, Step A. FAB-MS calc. for 
C29H37N5O4: 519; Found 520 (M+H) 
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EXAMPLECin 
H 



rfN-Y^'Y^NH,HCI 

^cAn^ c=o o 



H 




OBn 



10 

Step A : 

15 



To a stirred solution of nipecotic acid (5 g, 38.7 mmol) in 
NaOH (2 eq.) in water was added di-tert-butyl dicaibonate (10 g, 46.44 
mmol). The mixture was stirred at room temperature for 2 days. The 
mixture was then slowly acidified to pH=3 and stirred for two hours. The 
solution was extracted with efliyl acetate, dried, and concentrated to give 
white solid (6.25 g, 70%). 




25 



Step B : 



30 




To a solution of the intermediate from the previous step 
(6.25 g, 27.3 mmol), benzyl alcohol (3.4 mL, 32.7 mmol) and DMAP (33 
mg, 0.273 mmol) in dichloromethane at 0*'C, was added EDC (6.9 g, 35.4 
mmol). The reaction mixture was stirred at room temperature for 7 
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hours. It was washed with a mixture of brine and 3 N HCl, dried over 
anhydrous magnesium sulfate, filtered and concentrated. Purification by 
silica gel flash column eluting with a gradient of 10-30% ethyl acetate in 
hexane provided the benzyl ester (7.41 g,85%). 

StepC : 



Boc 




Prepared by the procedure described in Example CI, Step B 
from benzyl N-t-Boc-nipecotate (7.12 g, 22.2 mmol), LHMDS in THF 
(33.3 mL, 33.3 mmol) and benzyl bromide (4.0 g, 33.3 mmol). 
Purification by silica gel flash column chromatography eluting with 5- 
20% ethyl acetate in hexane provided the title compound. (9.10 g, 100%) 
IH NMR (CDC13, 400MHz) 6 7.33-7.28 (m, 3 H), 7.23-7.17 (m. 5 H), 
7.01-6.98 (m, 2 H), 5.00 (br. ABq, JAB = 12 Hz, 2 H), 4.00 (br. s, 1 H), 
3.55-3.50 (m, 1 H), 3.18 (d, J = 13 Hz) 3.14 (v. br. s, 1 H), 2.92 (d, J = 
13.5 Hz), 2.74 (d, J = 13.4 Hz), 2.03-1.99 (m, 1 H), 1.63-1.50 (m, 3H). 
1.39 (s, 9 H). 



30 




Prepared by the procedure described in Example CI, Step C 
from the intermediate firom the previous step (3.08 g, 7.52 mmol) in ethyl 
acetate (40 mL) and HCl gas at 0°C for 15 minutes (2.65 g, 100%). 
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FAB-MS calc. for C20H23NO2: 309; Found 310 (M+H) 
Step E : 



5 



10 




Prepared by the procedure described in Example CI, Step D 
1 5 ftom the intermediate prepared in the previous step (768 mg, 2.22 nunol). 
Intermediate 1 (720 mg, 1.85 mmol), HOBT (1 eq.), N-methyl 
morpholine (1 eq.), and EDC (2 eq.). Purification by MPLC, eluting with 
50% ethyl acetate in hexane, provided two diastereomers. The isomer 
which came out first was designated as dl (504 mg, 40%) and the one 
20 which eluted second was designated as d2 (474 mg, 38%) 
dl FAB-MS calc. for C40H48N4O6: 680; Found 681 O^+H) 
d2 FAB-MS calc. for C40H48N4O6: 680; Found 681 (M+H) 

StepF : 

25 

H ^N. 



30 



OBn 
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Prepared by the procedure described in Example CI, Step C 
fix)m the intermediate dl from Step E (25 mg, 0.036 mmol) in ethyl 
acetate (3 mL) and HCl gas at OX for 10 minutes (20.2 mg, 91%). 
FAB-MS calc. for C35H40N4O4: 580; Found 581 (M+H) 



EXAMPLE m 
H 



10 

H 



NHo HCl 



15 




Prepared by the procedure described in Example CI, Step C 
from die intermediate d2 (20.1 mg, 0.03 mmol) of Example CIO, Step E 
in ethyl acetate (3 mL) and HCl gas at 0°C for 10 minutes (12.8 mg, 
20 70%). 

FAB-MS calc. for C35H40N4O4: 580; Found 581 (M+H) 

EXAMPLE ri2 



30 




Step A : 
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5 




A suspension of 10% palladium on carbon (60 mg) and the 
intennediate (dl) from Example CIO. Step E (442.6 mg, 0.65 mmol) in 
etiianol (20 mL) was vigorously stirred under a hydrogen atmosphere for 
30 minutes. The reaction mixture was then filtered through celite and 
evaporated to give the product (376.0 mg, 98%). 
dl FAB-MS calc. for C33H42N4O6: 590; Found 591 (M+H) 

StepB : 



20 



25 




Prepared by the procedure described m Example CI, Step C 
from the intermediate from the previous step (21 1 mg, 0.357 mmol) and 
30 HCl gas in ethyl acetate (15 mL) at 0°C for 10 minutes (175.6 mg, 93%). 
IH NMR (CD3OD, 4OOMH2): The compound exists in two rotamers in 
approximately a 1:1 ratio. 5 7.57-7.54 (m, 1 H), 7.38 (d, J = 8.2 Hz, 1/2 
H), 7.33 (d, J = 8.2 Hz, 1/2 H). 7.25-7.00 (m, 8 H), 6.81-6.79 (m, 1 H), 
5.36 (dd, J = 6 Hz, 8.5 Hz, 1/2 H). 5.18 (app t, J = 7.5 Hz. 1/2 H), 4.32 
(br. d. J = 13 Hz. 1/2 H), 4.00 0)r. d, J = 13 Hz, 1/2 H), 3.78 (br. d. J = 13 



wo 95/13069 



PCTA7S94/12816 



10 



15 



20 



25 



30 



-295- 



Hz, 1/2 H), 3.26-3.02 (m, 11/2 H). 2.86 (d. J = 13.4 Hz, 1/2 H), 2.80 (d, J 
= 13.4 Hz, 1/2 H), 2.53 (d, J = 13.4 Hz. 1/2 H), 2.46 (d, J = 13.4 Hz. 1/2 
H), 2.29 (dt, 1/2 H), 2.09 (d, J = 12.7 Hz, 1/2 H). 1.92-1.88 (m, 1/2 H), 
1.55, 1.50, 1.44 (3s, 6 H), 1.40-1.25 (m, 1 H), 1.20-1.12 (m,l/2 H). 
dl FAB-MS calc. for C28H34N4O4: 490; Found 491 (M+H) 



EXAMPLE n 3 
H 



H 




Step A : 



H 

NHBoc 



H 




Prepared similarly from the intermediate d2 (224.2 mg, 0.33 
mmol) from Example CIO, Step E (169.3 mg, 87%). 
d2 FAB-MS calc. for C33H42N4O6: 590; Fomid 591 (M+H) 
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Step B : 



5 



10 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (139 mg, 0.235 mmol)) and 
HCl gas in ethyl acetate (15 mL) at OX for 10 minutes (122.7 mg. 99%). 

^5 iH NMR (CD3OD, 400MHz): The compound exists as two rotamers in 
approximately a 1:1 ratio. 5 8.21 (d, J = 7.4 Hz, 1/2 H), 7.91 (d, J = 7.4 
Hz. 1/2 H). 7.62 (d. J = 7.9 Hz. 1/2 H). 7.50 (d. J = 7.9 Hz, 1/2 H). 7.34- 
6.90 (m. 9 H), 5.40-5.34 (m, 1 H). 4.40 (d. J = 13.7 Hz, 1/2 H). 4.13 (d, J 
= 12.6 Hz, 1/2 H), 3.63 (d, J = 13.3 Hz, 1/2 H), 3.50 (d, J = 13.3 Hz, 1/2 

20 H), 3.30-3.10 (m, 7/2 H), 2.93 (ABq, IH), 2.88 (v. br. d. 1/2 H), 2.60 (d, J 
= 13 Hz, 1/2 H), 2.40 (d, J = 13 Hz, 1/2 H), 2.19-2.16 (m, 1/2 H), 1.78- 
1.75 (m, 1 H), 1.60-1.40 (m, 3/2 H), 1.20-1.10 (m, 1/2 H). 1.58. 1.50, 
1.47, 1.15 (4s, 6 H), 1.00-0.90 (m, 1/2 H). 
d2 FAB-MS calc. for C28H34N4O4: 490; Found 491 (M+H) 

25 

The additional examples shown in Table CV were prepared 
according to Examples CIO through C12 using Intermediate 3 and the 
intermediate obtained in Example CIO Step D. 



30 



wo 9S/I3069 



PCT/US94/12816 



-297 



TABLE CV: ADDITIONAT. EXAMPLRS 

c=o o 



NHgHCI 



X 
Bn 



entry X 

1 C02Bn 

2 C02H 



MF 

FAB-MS (M+1) 

C35H43N304 

570 

C28H37N304 
480 



isomer 

RS 
RS 



EXAMPLE CI 4 
H 



Boc 




OEt 



A solution of n-BuLi in hexane (4.9 mL, 12.36 mmol) was 
added to a stirred solution of 2,2,6,6-tetramethylpiperidine (TMP, 2.3 
mL, 1.92 g, 13.5 mmol) in THF (25 mL) with ice-bath cooling. In a 
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separate flask, a stirred mixture of ethyl N-t-Boc-3-benzyl-nipecotate 
(Example CI, Step B, 1.73 g, 5 mmol) and CH2Br2 (0.78 mL, 2.15 g, 
12.4 mmol) in THF (20 mL) was cooled to -78''C, and the Lithium salt 
solution of TMP solution just prepared was then added over a 15 minute 
period at a temperature below -65"C. After 10 minute, a solution of 
LHMDS (11.2 mL, 11.2 mmol) was added over a 10 minutes period at 
-78''C. Following the addition, the cooling bath was removed and the 
mixture was allowed to warm gradually to OX. The mixture was cooled 
with an ice bath, and a solution of n-BuLi in hexane (13.5 mL, 33.7 
mmol) was added at a temperature below 5°C over a 15 minutes period. 
The mixture was wanned to room temperature and stirred for 45 minutes. 
The mixture was cooled to -78°C and quenched over a 50 minute period 
by adding it into a stirred solution of acidic ethanol (30 mL) at 0°C. The 
mixture was evaporated to dryness and suspended in dichloromethane 
(100 mL), to which was added triethylamine (0.7 mL, 5.0 mmol) and di- 
tert-butyl dicarbonate (1.09 g, 5.0 mmol) while stirring. After 1 hour of 
stirring at room temperature, the material was washed with brine, dried, 
and concentrated. Purification by sUica gel flash column 
chromatography, eluting with 10-30% ediyl acetate in hexane, provided 
the compound (1.44 g, 80%). 

StepB : 

HHCI 

a 

Prepared by the procedure described in Example CI, Step C, 
from the intermediate from the previous step (1.30 g, 3.56 mmol) and 
HCl gas in ethyl acetate (50 mL) at 0°C for 45 minutes (975 mg, 91%). 
FAB-MS calc. for CI6H23NO2: 261; Found 262 (M+H) 
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Step C : 



5 



10 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (55 mg, 0.21 mmol). 
Intermediate 1 (1 eq.), HOBT (1 eq.), N-methyl morpholine (1 eq.), and ' 
1 5 EDC (80 mg, 0.42 mmol). Purification by MPLC eluting with 60% ethyl 
acetate in hexane provided the compound (77 mg, 61.5%). 



20 



25 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (77 mg, 0.13 mmol) and 
HCl gas in ethyl acetate (8 mL) at OX for 15 minutes (59 mg, 85%). 
FAB-MS calc. for C31H40N4O4: 532; Found 533 (M+H) 
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EXAMPLEC15 




20 The intennediate from Example CIO. Step C (1.85g, 4.52 

mmol) was hydrogenated over 1 atm of H2 and 10% palladium on carbon 
(150 mg) in ethanol (20 mL). Filtering through celite and evaporation 
yielded the acid (1.36 g, 94%). iH NMR (CDCI3, 400 MHz) 5 7.27-7.19 
(m, 3 H), 7.14-7.10 (m. 2 H), 4.08-3.59 (br. m, 1 H), 3.63-3.59 (m, 1 H), 

25 3.15-3.05 (br. m, 2 H), 2.9. (d, J = 13.5 Hz, 1 H), 2.79 (d, J = 13.5 Hz, 1 
H), 2.05-1.95 (hr. m, 1 H). 1.70-1.45 (m. 3 H). 1.42 (s, 9 H). EI-MS calc. 
for CI8H25NO4: 319; Found 319 (M+0 

Step B : 
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To a solution of the inteimediate from the previous step 
(320.4 mg, 1.0 mmol) in dicUoromethane containing ethyl amine 
hydrochloride (163 mg, 2.0 mmol), DMAP (1.0 eq.), and N-methyl 
moipholme(2eq.),wasaddedEDC(2eq.). The reaction mixture was 
stirred at room temperature overnight. The solution was washed with 3 N 
HCl and brine, dried over anhydrous magnesium sulfate, then filtered and 
concentrated. Purification by silica gel flash column eluting with a 
gradient of 60-100% ethyl acetate in hexane provided the title compound 
(262 mg, 76%). iH NMR (CDCiS, 400 MHz) 5 7.21-7.13 (m, 3 H), 7.03 
(d, 2 H), 6.68 (br. s, 1 H), 4.18 (br. d, 1 H), 3.96 (br. d, 1 H), 3.12-3.00 
(m, 4 H), 2.70-2.40 (br. m, 5 H), 1.60-1.50 (m, 1 H), 1.37 (s, 9 H), 1.20- 
1.30 (m, IH), 0.90 (q, J = 7.3 Hz, 3 H). EI-MS calc. for C20H30N2O3: 
346; Found 346 (M+) 

StepC : 




Prepared by the procedure described in Example CI, Step C 
from the intermediate fi:om the previous step (262 mg, 0.76 mmol) and 
HCl gas in ethyl acetate (5 mL) at 0°C for 1 hour (194 mg, 90%). 
IH NMR (CD3OD. 400MHz) 5 8.28 (br. s, 1 H), 7.30-7.24 (m, 3 H), 
7.14-7.12 (m, 2 H), 3.43 (d, J = 12 Hz, 1 H), 3.34-3.28 (m, 2 H), 3.26- 
3.20 (br. d, 1 H), 3.11 (d, J = 14 Hz, 1 H), 2.88 (dt, J = 3.2 Hz, 13 Hz, 
IH), 2.81 (d, J = 12.5 Hz, 1 H), 2.77 (d, J = 14 Hz, 1 H), 2.24 (d, J = 13 
Hz, 1 H), 1.87 (td, J = 2.8 Hz, 14 Hz, 1 H), 1.75 (dt, J = 3.3 Hz, 13.5 Hz, 
1 H), 1.64-1.55 (m, 1 H), 1.17 (t, J = 7 Hz, 3 H). 
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Step D : 



5 



10 




Prepared by the procedure described in Example CI, Step D 
fix)m intermediate prepared in the previous step (62.2 mg, 0.22 mmol). 
Intermediate 1 (L eq.), HOBT (1 eq.), N-methyl moipholine (1 eq.), and 
1 5 EDC (2 eq.). Purification by MPLC eluting with ethyl acetate provided 
two diastereomers, the one which was eluted out of the column first was 
designated as dl (35.8 mg, 26%) and the one came out second was 
designated as d2 (43.8 mg, 31%). 

d2. IH NMR (CD30D, 400 MHz): The compound exists in two 
20 rotamers m approximately a 1 : 1 ratio. 5 8. 16 (br. s. 1/2 H), 7.53 (d, J = 
8.7 Hz, 1 H). 7.32 (d, J = 8.1 Hz, 1 H), 7.25-6.96 (m, 8 H), 6.69 (br. s. 1/2 
H), 5.28-5.12 (m, 1/2 H), 4.94 (v. br. m, 1/2 H), 4.31 (br. d, J = 14.6 Hz. 
1/2 H), 3.49 (V. br. d, J = 13 Hz, 1/2 H), 3.22 (dd, J = 4.7 Hz, 14.3 Hz. 1/2 
H), 3.03-2.97 (m. 2 H), 2.90 (d, J = 13.4 Hz, 1/2 H), 2.40 (br. d, 1/2 H). 
25 2.36 (d. J = 13.3 Hz, 1/2 H), 2.10 (d, J = 13.5 Hz, 1/2 H), 1.9*2-1.82 (br. 
m, 3/2 H), 1.47 (s, 3 H), 1.41 (s, 9 H), 1.38 (s. 3 H). 1.32-1.20 (m). 1.10- 
1.00 (dt, 1/2 H), 0.85 (t, J = 7.2 Hz. 3 H). 
dl FAB-MS calc. for C35H47N5O5: 617; Found 618 (M+H) 
d2 FAB-MS calc. for C35H47N5O5: 617; Found 618 (M+H) 

30 
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Step E : 



5 



10 




Prepared by the procedure described in Example CI, Step C 
from the Intermediate dl from the previous step (35 mg, 0.057 mmol) 
and HQ gas in ethyl acetate (3 mL) at O^C for 30 minutes (32.5 mg, 
15 100%). FAB-MS calc. for C30H39N5O3: 517; Found 518 (M+H) 

EXAMPLE n 6 



20 



25 




Prepared by the procedure described in Example CI, Step C 
from the intermediate d2 from Example C15, Step D (41 mg, 0.066 
mmol) and HCl gas in ethyl acetate (3 mL) at 0°C for 30 minutes (36.5 
mg, 100%). IH NMR (CD3OD, 400 MHz): The compound exists in two 
Totamers m approximately a 4:1 ratio. 6 8.21 (d, J = 7.4 Hz, 4/5 H), 8.02 
(d, J = 7.4 Hz, 1/5 H), 7.68 (d, J = 7.8 Hz, 1/5 H), 7.54 (d, J = 7.8 Hz, 4/5 
H), 7.35 (d, J = 7.1 Hz. 4/5 H), 7.31 (d, J = 7.1 Hz, 1/5 H), 7.26-6.98 (m. 
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8 H), 5.46-5.40 (m, 1/5 H), 5.25-5.20 (m, 4/5 H), 4.00 (br. d, 4/5 H). 3.85 
(br. d, 1/5 H), 3.65 (br. d, J = 13.2 Hz, 4/5 H). 3.60-3.54 (m, 1/5 H), 3.36 
(br. d, 1/5 H), 3.30-3.03 (m). 2.99-2.90 (m), 2.82-2.62 (m), 2.46 (d, J = 
13.3 Hz, 8/5 H), 2.08 (br. d, 4/5 H). 1.90-1.84 (m. 1/5 H), 1.76-1.65 (m), 
1.51, 1.49 (2s, 6 H), 1.40-1.20 (m), 1.00 (t, J = 7.2 Hz, 3/5 H), 0.88 (t. J = 
7.2 Hz, 12/5 H). FAB-MS calc. for C30H39N5O3: 517; Found 518 
(M+H) 

EXAMPLRri7 




To a suspension of the S- isomer intermediate of Step A of 
Example C2 (27.3 g, 68.8 mmol) in 3 N sodium hydroxide (25 mL), 
dichloromethane (200 mL) and water (100 mL), was slowly added di-t- 
butyl dicarbonate (18 g, 1.2 equiv.). The mixture was stirred for an 
additional 5 hours after the addition, it was acidified to pH 3 carefully 
and then extracted with ethyl acetate three times. The organic extracts 
were combined, dried, and concentrated to give a white solid (23.7 g). 
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A solution of this intennediate (1 1.5 g, 33.1 mmol) and 3 N NaOH (30 
mL) in ethanol (200 mL) and water (10 mL) was refluxed for one day. 
The solution was evaporated to remove ethanol, and then acidified with 3 
N HCl to pH=3 and extracted with ethyl acetate. The extract was dried, 
evaporated and purified by a short silica gel column, initially eluting with 
20% ethyl acetate in hexane, then with ethyl acetate to give the product 
(8.76 g, 83%). NMR and MS were identical to Example C15 stepA. 

StepB 




. NHEt 



To a mixture of the intennediate from the previous step (660 
mg, 2.07 nmiol), ethylamine hydrochloride (251 mg, 1.5 equiv.), NMM 
(0.23 mL, 1 equiv.) and HOBT (1 eq) in dichloromethane and DMF (1:1, 

20 10 mL) was added EDC. The mixture was stirred at room temperature 
for two days, heated at reflux for 2 hours, and was poured into a dilute 
HCl and brine mixture. It was extracted with ethyl acetate, and the 
organic layer was washed with dilute NaOH, dried and evaporated. 
Purification by flash column eluting with 20-80% etiiyl acetate in hexane 

25 gave tiie product (540 mg, 75%). NMR and MS were identical to 
Example C15 Step B. 

StepC 

30 




wo 95/13069 



PCT/US94/I28I6 



-306- 



10 



15 



20 



25 



Prepared by the procedure described in Example CI, Step C 



from the intermediate fix)m the previous step ( 0.33 g, 0.95 mmol) in 
ethyl acetate (5 mL) and HCl gas at 0**C for 15 minutes (0.279 mg, 
100%). FAB-MS calc. for C15H22N20: 246 ; Found 247 (M+H) 



Prepared by the procedure described in Example CI, Step D 



from the intermediate prepared in the previous step (100 mg, 0.354 
nrniol). Intermediate 3 (134 mg , 0.354 nmiol), HOBT (48 mg, 1 eq.), N- 
methyl morpholine (0.039 mL, 1 eq.), and EDC (102 mg, 1.5 eq.). 
Purification by MPLC, eluting with ethyl acetate, provided the 
intermediate (140 mg, 65%). FAB-MS calc. for C35H50N4O5: 606 ; 
Found 607 (M+H) 



Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (132 mg, 0.217 mmol) and 
HCl gas in ethyl acetate (5 mL) at O^C for 10 minutes (113.3 mg. 96%). 



StepD 
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15 



25 



30 



dl FAB-MS calc. for C30H42N4O3: 506, Found: 507 (M+H) 

The additional intermediates shown in Table CVIa were 
prepared according to the above established procedure as exemplified in 
Example CIS, and Example C17 steps A through C,. The final 
compounds were prepared according to Example C17 Steps D and E, 
using Intermediate 1. 

TABLE CVTa: ADDTTTnNAL EXAMPLFJS 

H 



H 



a: 



Bn 

Intemnediate 



NH2 HCI 



Bn 
Product 







Intermediate 


Product 




entry 


X 


MF 


MF 


isomer 






FAB-MS (M+1) 


FAB.MS(M+n 




1 


-CO(morpholino) C17H24N2O2 


C32H41N5O4 


S 






288 (M+, EI) 


560 




2 


-CONHCH3 


C14H20N2O 


C29H37N5O3 


S 






233 


504 




3 


-CONH- 


C17H24N2O3 


C32H41N5O5 


S 




CH2C02Et 


304 (M+, EI) 


576 




4 


-C02CH2C02Et 


C17H23NO4 


C32H40N4O6 


R 






306 


577 


S 


5 


-C02(CH2)2SMe 


CI6H23NO2S 


C31H40N4O4S 


R 






294 


565 


S 


6 


-CON(CH3)2 


C15H22N20 


C30H39N5O3 


dl 






247 


518 


d2 


7 


-CONH- 


C15H22N2O2 


C30H39N5O4 


S 




(CH2)20H 


263 


534 
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Likewise using 3-aminopropanol or 2-(ethylthio)ethylamine 
it is possible to prepare the compounds shown in Table CVIb using 
Intermediate 1. 



10 



15 



20 



25 



30 



TABLE CVTh 
H 




entry 



X 



1 -CONH(CH2)30H 

2 -CONHCH2CH2SCH3 



The additional compounds shown in Table CVIc were 
prepared according to Examplel? Steps C and D, using some of the 
intermediates shown m Table CVIa and Intermediate 3 



TABLE CVIc: ADDITIONAL EXAMPT.RS 

' Y^H2 HCI 




entry Y 



MF isomer 
FAB-MS (M+1) 



wo 95/13069 



PCT/US94/12816 



309 



1 


-CO(morpholino) C32H44N4O4 


S 






549 




2 


-CONHCH3 


•C29H40N4O3 


S 






493 




3 


-CONH- 


C32H44N4O5 


s 




CH2C02Et 


565 




4 


-CONH- 


C30H42N4O4 


s 




(CH2)20H 


523 





10 Likewise using 3-aminopropanol and 2-(methylthio)- 

ethylamine it is possible to prepare the compounds shown in Table CVId. 



TABLE CVTd 



15 



20 




entry X 

1 -CONH(CH2)30H 
25 2 -CONHCH2CH2SCH3 

The additional compounds shown in Table CVIe were 
prepared according to Examplel? Steps C and D, using some of the 
intermediates shown in Table CVI and Intermediate 2. 

30 
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TABLE CVTe : ADDTTTONAL EXAMPLRS 

H 

Ph^O^Y'^ Y''^'^"2 hci 




entry Y MF 

FAB-MS (M+1) 

1 -CO(moipholino) C31H42N4O5 

551 

2 -CONHCH3 C28H38N4O4 

495 

3 -CONH- C31H42N4O6 
CH2C02Et 567 

EXAMPLE r IS 
H 



isomer 



N 

25 H 



30 
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10 



15 



20 



25 



30 



Step A : 



Boc 




,0H 



(J 



To a stirred solution of ethyl N-t-Boc-3-phenylmethyl 
nipecotate (10.4 g, 29.93 mmol) in dichloromethane (100 mL) at -78°C 
was added DffiAL (IM, 45 mL). The reaction was stirred at -78°C for 4 
hours and quenched by the addition of methanol (5 mL). The reaction 
mixture was washed carefully with tartaric acid water solution and brine, 
dried over MgS04 and evaporated. Silica gel flash chromatography 
eluting with a gradient of 40-80% ethyl acetate in hexane yielded the 
product (6.81 g, 75%). 

EI-MS calc. for CI8H27NO3: 305; Found 305 (M+) 

StepB : 3-Phenvlmethvl-3-piperidi nemethanol hydrochloride 

H HCI 



,0H 




Cr 



A solution of the intermediate from the previous step (770 
mg, 2.52 mmol) in ethanol (20 mL) and concentrated HCI (1 mL) was 
refluxed for 3 hours. The reaction mixture was cooled to room 
temperature and evaporated to give the tide compound as a white solid. 
(609.0 mg, 100%) 

IH NMR (CD3OD, 400 MHz) 6 7.31-7.19 (m, 5 H), 3.45 (ABq, J = 11 
Hz, 2 H), 3.18 (d, J = 13 Hz, 1 H), 3.19-3.13 (m. 1 H), 3.03-2.99 (m, 1 
H), 2.96 (d, J = 13 Hz, 1 H), 2.72 (s, 1 H), 1.92-1.84 (m, 2 H), 1.60-1.50 
(m, 2 H). 
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m-MS calc. for C12H17NO: 191; Found 191 (M+,) 
Step C : 



5 



10 




Prepared by the procedure described in Example CI, Step D 
1 5 from the intermediate prepared in the previous step (142 mg, 0.587 

mmol), Intermediate 1 (0.8 eq.). HOBT (1 eq.). N-methyl moipholine (1 
eq.), and EDC (2 eq.). Purification by MPLC eluting with ethyl acetate 
gave two compounds; the compound which came out of the column &st 
is designated as dl (98.5 mg, 58%) and the compound which came out of 
20 the column next as d2 (34.5 mg, 12%) 

dl FAB-MS calc. for C32H42N4O5: 562; Found 563 (M+H) 
d2 FAB-MS calc. for C32H42N4O5: 562; Found 563 (M+H) 

StepD : 

25 



30 
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The intermediate (dl) from the previous step (60 mg, 0. 104 
mmol) was treated with HQ gas at 0°C in ethyl acetate (3 mL) for five 
minutes. Evaporation gave the diastereomer 1 of the title compound, 
dl FAB-MS calc. for C28H36N4O3: 476; Found 477 (M+H) 

The intermediate (d2) from Step C (20 mg) was treated with 
HCl gas at O^^C in ethyl acetate (3 mL) for five minutes. Evaporation 
gave the diastereomer 2 of flie title compound. 
d2 FAB-MS calc. for C28H36N4O3: 476; Found 477 (M+H) 



EXAMPLE riQ 



15 




Step A: 



Boc 



25 




30 To a stirred solution of intermediate from Example C 1 8, 

Step A (5.12 g, 16.8 mmol), and triethylamine (4.7 mL) in 
dichloromethane at 0°C was added mesyl chloride (1.95 mL). The 
reaction mixture was stirred for 2 hours. The solution was poured into a 
mixture of brine and 3 N HQ and extracted with ethyl acetate. The 
organic layer was washed with saturated sodium bicarbonate, dried over 
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magnesium sulfate and evaporated to yield the mesylate. The mesylate 
was heated with sodium azide (2.2 g, 33.6 mmol) in DMSO (20 mL) at 
80**C for two weeks. The mixture was poured into ice water and 
extracted with ethyl acetate. The organic layer was washed with 
saturated sodium bicarbonate and brine; it was dried, and evaporated. 
Purification by silica gel flash column chromatography provided the 
azide (4.14 g, 75%). 

IH NMR (CDC13, 200 MHz) 6 7.29-7.13 (m, 5 H), 3.61-3.57 (br. m, 1 
H), 3.47 (d, J = 12 Hz, 1 H). 3.20-3.10 (v. br. s, 2 H), 3.10-2.96 (v. br. d, 
1 H), 2.60-2.45 (br. m, 2 H), 1.65-1.48 (m, 4 H), 1.44 (s, 9 H), 1.41-1.35 
(m. 1 H). 

FAB-MS calc. for C18H26N4O2: 330; Found 331 (M+H) 



The azide fi^om the previous step (1.60 g, 4.84 mmol) was 
hydrogenated over 10% palladium on carbon (160 mg) in ethanol (25 
mL) under a 1 atm hydrogen balloon for 2 hours. The reaction mixture 
was filtered through celite and evaporated to give the amine (1.42 g, 
96%). FAB-MS calc. for C18H28N2O2: 304; Found 305 (M+H) ' 



Step C : 



15 



Boc 



20 




Step D : 



Boc 
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To a stirred solution of the amine from the previous step 
(1.30 g, 4.27 mmol) in dichloromethane (20 mL) which also contained 
DMAP (20 mg) and triethylamine (1 mL) at 0°C, was added CbzCl (0.73 
mL» 5.12 mmol). The reaction mixture was stirred for 2 hours. The 
solution was poured into a mixture of brine and 3 N HCl and extracted 
with ethyl acetate. The organic layer was washed with saturated sodium 
bicarbonate, dried over magnesium sulfate and evaporated to give a 
residue which was purified by flash chromatography, eluting with 20% 
ethyl acetate in hexane, to yield the product (1.52 g). 
FAB-MS calc. for C26H34N2O4: 438; Found 439 (M+H) 



Step E : 



15 



20 



25 



30 



HHCI 




NHCbz 



Cr 



To a stirred solution of the intermediate from the previous 
step (1.50 g, 3.42 mmol) in ethyl acetate (50 mL) at OX was bubbled 
HQ until it was saturated. The reaction mixture was stirred for one hour 
and evaporated to yield the salt (1.32 g, 100%). 
IH NMR (CD3OD, 400MHz) 5 7.40-7.18 (m, 10 H). 5.14 (s, 2 H), 3.43, 
3.42 (2 d, J = 14. 8 Hz, 1 H), 3.23 (td, J = 4 Hz, 12.1 Hz, 1 H), 3.00 (d, J 
= 13 pz, 1 H), 2.94 (d, J = 14.7 Hz, 1 H), 2.83 (dt, J = 3.4 Hz, 12 Hz, 1 
H), 2. 74 (d, J = 13 Hz. 1 H), 2.68 (d. J = 13.6 Hz, 1 H), 2.62 (d, J = 13.6 
Hz, 1 H), 2.00-1.90 (m, 1 H). 1.92-1.88 (m, 1 H), 1.59-1.52 (m, 1 H), 
1.47-1.44 (m, IH). 

FAB-MS calc. for C21H26N2O2: 338; Found 339 (M+H) 
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Step F : 



NHBoc 



H 




.NHCbz 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (1.00 g, 2.67 mmol). 
Intermediate 1 (1.04 g, 1 eq.), HOBT (1 eq.), N-methyl morpholine (2 
1 5 eq.), and EDC (820 mg, 4.27 mmol). Purification by MPLC, eluting with 
60% ethyl acetate in hexane, provided the compound. (1.54 g, 81%) 



StepG : 

H 



NHBoc 



a 

The intermediate from the previous step (1.30 g, 1.83 mmol) 
was hydrogenated over 10% palladium on carbon (100 mg) in ethanol (15 
mL) under a hydrogen balloon. The reaction mixture was filtered 
through celite and evaporated to yield the amine (1.20 g, 100%). 
FAB-MS calc. for C33H45N5O4: 575; Found 576 (M+H) 
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StepH : 



5 



10 




To a stirred solution of the intermediate prepared the 
previous step (286 mg, 0.497 mmol), DMAP (10 mg) and N-methyl 
morpholine (0. 109 mL) in dichloromethane (10 mL) at 0°C was added 
mesyl chloride (0.042 mL). The reaction mixture was stirred for 2 hours. 
The solution was poured into a mixture of brine and 3 N HCl and 
extracted with ethyl acetate. The organic layer was washed with 
saturated sodium bicarbonate dried over magnesium sulfate and 
evaporated to give a residue which was purified by flash 
chromatography, eluting with 90% ethyl acetate in hexane, to give the 
product (285.9 mg, 88%). FAB-MS calc. for C34H47N5O6S: 653; 
Found 654 (M+H) 

Step I : 
25 



30 




15 



20 
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Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (265 mg, 0.405 mmol) and 
HCl gas in ethyl acetate (8 mL) at 0°C for 30 minutes (189 mg, 79%) 
FAB-MS calc. for C29H39N5O4S: 553; Found 554 (M+H) 

EXAMPLK r?n 



10 



15 




NH2 HCl 



NHCbz 



Prepared by the procedure described in Example CI, Step C 
from the intermediate fix)m Example C19, Step F (109 mg, 0.154 mmol) 
20 and HCl gas in ethyl acetate (4 mL) at 0°C for 30 minutes (90 mg, 90%). 
FAB-MS calc. for C36H43N5O4: 609; Found 610 (M+H) 

EXAMPLE r21 



25 



30 




NH2 HCl 



NHAc 
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Step A : 



5 



10 




The mixture of the intermediates from Example CI 9, Step G 
(208 mg, 0.362 mmol) and pyridine (2 mL) and acetic anhydride (2 mL) 
was heated at 60*C for 30 minutes. The mixture was then evaporated 
1 5 under vacuum. MPLC purification eluting with 80% ethyl acetate in 
hexane yielded the product (202 mg, 90%). 
FAB-MS calc. for C35H47N5O5: 617; Found 618 (M+H) 

StepB : 

20 



25 




3 0 Prepared by the procedure described in Example C 1 , Step C 

from the mtermediate from the previous step (192 mg, 0.31 1 mmol) and 
HCl gas in ethyl acetate (4 mL) at O^'C for 30 minutes (168.1 mg, 98.5%). 
FAB-MS calc. for C30H39N5O3: 517; Found 518 (M+H) 
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EXAMPLE C22 




A suspension of platinum (IV) oxide (200 mg), ethyl 3- 
pyridylacetate (5.0 g, 30.3 nunol) and concetrated hydrochloric acid (10 
mL) in ethanol (50 mL) was stirred under a hydrogen balloon overnight. 
The mixture was filtered through celite and evaporated to yield a residue, 
which was refluxed with anhydrous acidic ethanol for 30 minutes. 
20 Evaporation yielded the product (6.28 g, 100%). 

IH NMR (CD3OD, 400MHz) 5 4.13 (q. J = 7.2 Hz, 2 H), 3.40 (dd. J = 
3.5 Hz, 12 Hz. 1 H), 3.35 (br. d, 1 H), 2.90 (br. t, 1 H), 2.73 (t, J = 12 Hz. 
1 H). 2.35 (d. J = 7.5 Hz. 2 H), 2.26-2.17 (m 1 H), 1.96-1.80 (br. m, 2 H), 
1.80-1.70 (m. 1 H). 1.37-1.26 (m. 1 H). 1.24 (t, J = 7.1 Hz. 3H). 

25 

StepB : 



30 
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Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (128 mg, 0.617 
mmol), Intermediate 1 (200 mg, 0.514 mmol), HOBT (1 eq.), N-methyl 
morpholine (1 eq.), and EDC (200 mg). Purification by MPLC elutmg 
^ with 80% ethyl acetate in hexane provided the compound. (247 mg, 
89%) 

Step C : 

10 H 



20 



25 



N 
H 



ca. 



15 OEt 

Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (225 mg, 0.415 mmol) and 
HCl gas in ethyl acetate (5 mL) at 0°C for 15 minutes (184 mg, 100%). 
FAB-MS calc. for C24H34N4O4: 442; Found 443 (M+H) 



EXAMPLE C2^ 
H 



H 



30 
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Step A : 



Boc 



5 




^ P The less polar (dl) intermediate from Example C8 step A ( 

7.25g, 17.08 mmol) was refluxed for 8 hours in ethanol (20 ml) and ION 
NaOH (8.5 mL). The mixture was then cooled to room temperature and 
slowly treated with 3 N HCl to pH=l 1. To this stirred solution was 
added di-tert-butyl dicarbonate in dioxane (20 mL) and stirred for two 

^ ^ hours. The solution was acidified to pH 4 and then neutralized to pH 7 
and extracted with ethyl acetate three times. The organic extracts were 
combined, dried, and concentrated to give white solid (6.80g). 
FAB-MS calc. for C17H24N2O4: 320, Found: 321 (M+H) 

Step B : 

20 



Boc 



25 




To a solution of the intermediate from the last step (6.5 g), 
benzyl alcohol (2 equiv.), and DMAP (20 mg) in dichloromethane (100 
mL), was added EDC (1.2 equiv.). The mixture was stirred at room 
3 0 temperature for three days, and was poured into dilute NaHC03 solution. 
It was extracted with ethyl acetate three times, and dried over MgS04. 
Evaporation and purification by a flash colunm eluting with 40% ethyl 
acetate in hexane gave the desired product.(6.53 g, 78%). 
FAB-MS calc. for C24H30N2O4: 410 ; Found 411 (M+H); 311 (M+- 
Boc(lOO)) . 
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Step C: 



HHC, 



5 




Prepared by the procedure described in Example CI, Step C 
^ ° from the intermediate from the previous step ( 1 .0 g, 2.44 mmol) in ethyl 
acetate (40 mL) and HCl gas at 0°C for 15 minutes (935 mg, 99%). 
FAB-MS calc. for C19H22N2O2: 310 ; Found 311 (M+H) 

StepD : 

15 



20 




25 Prepared by the procedure described in Example CI , Step D 

from the intermediate prepared in the previous step (800 mg,2.09 mmol), 
intermediate 1 (812 mg , 2.09 mmol), HOBT (1 eq.), N-methyl 
moipholine (1 eq.), and EDC (2 eq.). Purification by MPLC, eluting with 
80% ethyl acetate in hexane, provided the Intermediate (l.lOg, 77%) 

30 dl FAB-MS calc. for C39H47N5O6: 68 1 ; Found 682 (M+H) 
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Step E : 



5 



10 




A suspension of 10% palladium on carbon (150 mg) and the 
intennediate from previous step ( 1.05 g, 1.54 mmol) in ethanol (20 mL) 
was vig02X)usly stirred under a hydrogen atmosphere for 30 minutes. The 
15 reaction mixture was then filtered through celite and evaporated to give 
the product (828 mg, 91%). dl FAB-MS calc. for C32H41N5O6 : 591 ; 
Found 592 (M+H) 

Step F : 



25 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (21 1 mg, 0.357 mmol) and 
HCl gas in ethyl acetate (15 mL) at 0°C for 10 minutes (175.6 mg, 93%). 
dl FAB-MS calc. for C27H33N5O4: 491 Found 492 (M+H) 
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10 



15 



20 



EXAMPLE C24 
H 



NH2 HCI 



N 
H 




.Y0(CH2)2SCH3 



11 

o 



NHCI 



Step A: 




0(CH2)2SCH3 



To a stirred solution of the product from Example C23, step 
A (5.79 g, 18.1 mmol), 2-(methylthio)ethanol (2.49 g, 27.1 mmol), 
DMAP (220 mg) in dicMoromethane (100 mL) was added EDC and the 
mixture was stirred for one day. The reaction mixture was washed with 
brine» dried, evaporated, and purified on silica gel colunm eluting with 
60% ethyl acetate in hexane to give the desired compound (6.64 g, 94%) 
FAB-MS calc. for C20H30N2O4S: 394, Found: 395 (M+H) 



25 StepB : 



30 




0(CH2)2SCHa 



NHCI 



I»repared by the procedure described in Example CI, Step C 
from the intennediate from the previous step(6.12 g, 15.5 mmol) in ethyl 
acetate (30 niL) and HQ gas at O^C for 30 minutes (5.38 g, 95%). 
FAB-MS calc. for C15H22N2O2S: 294 ; Found 295 (M+H) 
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StepC : 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (2.0 g, 5.44 mmol). 
Intermediate 1 (2.12, 5.44 mmol), HOBT (1 eq.), N-methyl morpholine 
(1 eq.), and EDC (1.5 eq.). Purification by MPLC, eluting with 80-100% 
ethyl acetate in hexane, provided the intermediate (3.44g, 95%) 
FAB-MS calc. for C35H47N5O6S: 665 ; Found 666(M+H) 

Step D : 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step(2.94 g, 4.42 mmol) m ethyl 
acetate (10 mL) and HCl gas at 0°C for 20 minutes (2.80 g, 99%). 
FAB-MS calc. for C30H39N5O4S: 565 ; Found 566(M+H) 

The additional intermediates shown in Table CVn were 
prepared according to the above established procedure as exemplified in 
Example C24, steps A and B,. The final compounds were prepared 
according to Example C17 Steps D and E, using Intermediate 1. 



wo 95/13069 



PCT/US94/12816 



10 



H 




N 



X 




Intermediate 



-327- 

TABLE rvn 



NH2 HCI 



N 
H 




Final Product 



entry X 



15 



Intermediate 
MF 



Final Product 
MF 



isomer 



FAB-MS(M+1) FAB-MS(M+n 





1 


C02(CH2)2SMe 




2 


C02Bn 




3 


C02Bn 


20 


4 


C02(CH2)3CH3 




5 


C02(CH2)2CH3 




6 


C02CH(CH3)2 


25 


7 


CONH(CH2)3CH3 


8 


CONHCH(CH3)2 




9 


C02CH2C02Et 




10 


CONHEt 


30 


11 


CONHCH2C02Et 



C15H22N202S 

295 

C19H22N2O2 
311 

C19H22N2O2 
311 

C16H24N2O2 
277 

C15H22N2O2 
263 

C15H22N2O2 
263 

C16H25N3O 

276 

C15H23N3O 
262 

CI6H22N2O4 
306 

C14H21N3O 
248 

CI6H23N3O3 
307 



C30H39N5O4S 
566 

C34H39N5O4 
582 

C34H39N504 

582 

C31H41N504 

548 

C30H39N5O4 
534 

C30H39N5O4 
534 

C31H42N6O3 
547 

C30H40N6O3 
533 

C31H39N5O6 
578 

C29H38N6O3 

519 

C31H40N6O5 
577* 



R 
R 
S 

RS 
RS 
RS 
RS 
RS 
RS 
RS 
RS 



Note: RS compounds were prepared by using racemic intermediates 
instead of chiral ones. 
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EXAMPLEC24A 



5 




To a stirred solution of the final product fi-om Example C24 
(120 mg, 0.188 mmol) in ethanol/water (3/2 mL), was added sodium 
periodate (100 mg, 0.467 nunol) and the resulting mixture was stirred at 
room temperature for six hours. The reaction mixture was then poured 
into saturated sodium bicarbonate solution (10 mL) and extracted with 
dichloromethane (10 mL, 3 times). The organic extracts were combined 
and evaporated to give the desired compound (89 rag, 81%). 
FAB-MS calc. for C30H39N5O5S: 581 ; Found 582(M+H) 
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Step A : 



H 

^NHBoc 




H 

,^0{CH2)3SMe 



To a stirred solution of the intermediate from Example C23, 
step E (100 mg, 0.17 mmol), 3-(methylthio) propanol (18 mg, 0.17 
mmol) and DMAP (3 mg) in dichloromethane (15 mL) was added EDC 
(1.5 equiv.), and the mixture was stirred at room temperature for one day. 
The reaction mixture was washed with water and brine, dried, evaporated 
and purified by MPLC eluting with 80% ethyl acetate in hexane to give 
the desired compound (88 mg). FAB-MS calc. for C36H49N5O6S: 679 ; 
Found 680(M+H) 

StepB : 

H 




H 

25 k^Y°^^"2)3SMe 

O 
NHCI 

Prepared by the procedure described m Example CI, Step C 
from the intermediate from the previous step(85 mg, 0.125 mmol) in 
ethyl acetate (3 mL) and HQ gas at 0°C for 20 minutes ( 74 mg, 95%). 
FAB-MS calc. for C31H41N5O4S: 579 ; Found 580(M+H) 
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The compounds shown in Table CVm were prepared 
according to the above established procedure as exemplified in Example 
C25 using appropriate amines and alcohols. 



TABLE CVm 



H 



10 



^^N^ 9=0 o 



H 




15 



entry X 



MF 

FAB-MS(M+n 



20 



25 



30 



1 CO(morpholine) C31H40N6O4 

560(M+EIMS) 

2 C02(CH2)4SMe C32H43N5O4S 

594 

3 CONH(CH2)2SMe C30H40N6O3S 

565 

4 CONHEt C29H38N6O3 

519 

5 CONH(CH2)20H C29H38N6O4 

535 

Likewise using the intermediate from Example C23, Step C 
and following the procedures described m Step D and E using 
Intermediate 3 instead of Intermediate 1, the compounds shown in Table 
CVIHa were prepared according to the established procedures as 
exemplified in Example C25 using appropriate amines. 
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TABLE CVma 




10 




15 



20 



entry X 



1 



CONHEt 



MF 

FAB-MSgVl+l) 



C29H41N5O3 
508 

2 CONH(CH2)20H C29H41N5O4 

524 

Likewise using the intermediate from Example C23, Step E 
and following the procedure described above; or the intermediate from 
Example C23, step A and following the procedure described in Example 
C24 steps A through D using Intermediate 1 or Intermediate 3 the 
compounds shown in Table CVmb may be prepared. 



TABLE CVITTh 



25 



30 




entry Rl 



X 
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2 



10 



15 




-CONHCH3 



-C0NHCH3 

3 (^ ^, ..^ ^"g' -CONH(CH2)30H 

-CONH(CH2)30H 
-CONHCH2CH2SCH3 



EXAMPLE r7.fi 



25 



St&ILA: 3-Carbobenzvloxvaminopyridine 

To a solution of 3-aminopyridine (10 g, 0.106 mol) and 
diethyl amine (16.3 mL, 0.117 mol) in dichloromethane (100 mL) at 0°C, 
was added benzyl chlorofonnate (15.2 mL, 0. 106 mol) slowly. The 
reaction mixture was stirred overnight and was washed with water, 
saturated NaHC03, dried over MgS04, and evaporated. The residue was 
purified on a silica gel column to give the product (9.51 g) 
FAB-MS calc. for C13H12N2O2: 228 ; Found 229(M+H) 



3tepP: 3-CarbobenzvloxvaTninoDiDeridine 
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10 



15 



A solution of the intermediate from the previous step (9.5 1 
g, 41.7 mmol) and hydrochloric acid (3.5 mL, 41.7 mmol) in ethanol (300 
mL) was hydrogenated over Pt02 (0.9 g) and hydrogen (1 atm) 
overnight. Filtration and evaporation gave the product as a brown solid. 
FAB-MS calc. for C13HI8N2O2: 234 ; Found 235(M+H) 



9=0 o 

H ^N, 



To a solution of the intermediate from the previous step 
(4.65 g, 17.2 mmol). Intermediate 1 (6.68 g, equiv.), HOBT (2.32 g, 1 
equiv.) and NMM (2.1 mL, 1 equiv.) in dichloromethane (100 mL), was 
added EDC (3.94 g, 1.2 equiv.). The reaction mixture was stirred 
overnight and worked up by washing with water, saturated NaHC03, 
dried over MgS04 and evaporated. Purification on a Si02 column gave 
20 2.5 g of the desired product. 

FAB-MS calc. for C33H43N5O6: 605 ; Found 606(M+H) 



25 



30 




A suspension of the intermediate from the previous step (2.5 
g) and Pd(0H)2/C (250 mg, 10 %) in methanol (60 mL) was stirred under 
H2 (1 atm) for three days. The reaction mixture was filtered through 
celite and evaporated to give the desired material. 
FAB-MS calc. for C25H37N5O4: 471 ; Found 472(M+H) 
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Step E : 



5 




To a solution of the intennediate from the previous step (236 
1 0 mg, 0.5 mmol) and N,N-diisopropylethylamine (0. 1 1 mL, 0.6 mmol) in 
dichloromethane (10 mL), was added isobutyryl chloride (0.053 mL, 0.5 
mmol) at O**. The reaction mixture was stirred for 2 hours and was 
washed with water, brine, dried over MgS04 and evaporated. Si02 flash 
column chromatography eluting witii 90-100% ethyl acetate in hexane 
15 yielded the product. 

FAB-MS calc. for C29H43N5O5: 541 ; Found 542(M+H) 

StepF : 



20 



25 




To a solution of the intermediate from the previous step in 
ethyl acetate (5 mL) at 0°C was bubbled HCl until it was saturated. The 
mixture was stirred for 30 minutes and evaporated to dryness to give the 
product FAB-MS calc. for C24H35N5O3: 441 ; Found 442(M+H) 

30 

Similarly the following compounds were prepared according 
to Ae same procedure as described above, but using different acylating 
reagents. 
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10 



15 



20 



TABLE CIX 
H 



KA-^J' 9=0 o 

" a 



entry 


Acylating agent 


Y 


MF 

FAB-MS(M+1) 


1 


Ac20 


AcNH 


C22H31N5O3 








414 


2 


ChxCOCl 


ChxCONH 


C27H39N5O3 








482 


3 


ChxCH2C0a 


ChxCH2C0NH 


C28H41N5O3 








496 


4 


BzCl 


BzNH 


C27H33N5O3 








476 


5 


PhS02Cl 


PhS02NH 


C26H33N5O4S 








512 


6 


iso-PrNCO 


iso-PrNHCONH 


C24H36N603 








457 



note: Chx: cyclohexyl, Bz: benzoyl 



25 



EKAMPlMm 
H 



30 




COsEt 



£tg^: 
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Boc 




To a stirred solution of KHMDS (27.4 g, 0.138 mol) in THF 
(500 mL) at -7B'*C under argon was added ethyl N-t-Boc nipecotate (28.3 
g, 0. 11 mol) in THF (100 mL) over a 20 minute period. The solution was 
allowed to stir an additional 30 minutes at -78°C. Then, a solution of 4- 
bromomethylthiazole or 4-chloromethylthiazole in THF (100 mL) was 
added slowly to the reaction mixture. 4-Bromometiiyltiiiazole was 
prepared by refluxing 4-methylthiazole (10 mL, 0.1 1 mmol), N- 
bromosuccinimide (19.6 g, 0.11 mol) and AIBN (0.2 g) in CCI4 (300 
mL) for 2 hours, cooled to room temperature, jRltered and evaporated; 4- 
chloromethylthiazole can be prepared as described by Hsiao, C-H et al, 
Synthetic Communications, 20 (22), 3507-3417 (1990) and CaldweU, W 
and Fox, S.M. J. Am. Chem. Soc. 73, 2935 (1955). The resulting black 
mixture was stirred overnight and allowed to warm to room temperature. 
The material was concentrated, then diluted with water, and extracted 
using ethyl acetate. The organic layer was dried over anhydrous 
magnesium sulfate, filtered, and concentrated. Purification by silica gel 
flash column chromatography eluting with a solvent gradient of 30-65% 
etiiyl acetate in hexane provided the tide compound. (7.58 g, 20%). 
FAB-MS calc. for C17H26N2O4S 354; Found 355 (M+H) 

Step B : 



HHCI 
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To a solution of the intermediate from the previous step (7.0 
g, 19.8 mmol) in ethyl acetate (100 mL) at 0°C, was bubbled hydrogen 
chloride gas until saturation occurred. The reaction was stirred for 30 
minutes, and then concentrated to remove the ethyl acetate to afford the 
product (5.3g, 93%). iH NMR (CDCI3, 400MHz) 5 9.67 (s. 1 H), 7.75 
(s, 1 H), 4.34-4.15 (2 m, 2 H), 3.67 (d, J=12.8 Hz, 1 H), 3.34 (d, J=15 Hz, 
1 H), 3.28 (d, J=12.5 Hz, 1 H), 3.21 (d, J=15 Hz, 1 H), 3.01 (dt, J=3.0, 
12.5 Hz, 1 H), 2.26 (br. d, J=13.7 Hz, 1 H), 1.97-1.92 (m, 1 H). 1.80 (dt. 
J=3.5, 13 Hz, 1 H), 1.78-1.58 (m, 1 H), 1.26 (t. J=7.2 Hz, 3 H). FAB-MS 
calc. for C12HI8N2O2S: 254 ; Found 255 (M+H) 



OAc OAc 



20 




To a stirred solution of the intermediate (6g, 18.67 mmol) 
prepared in Step B, (R)-(->(0)-acetyl mandelic acid (L eq.), HOBT (1 
eq.) and NMM (2 eq.) at 0°C was added EDC (7.16g, 37.34 mmol). The 
reaction mixture was stirred overnight during which time it was allowed 

25 to warm to room temperature. The solution was poured into brine and 
extracted with CH2C12. The organic layer was dried over MgS04, 
evaporated and purified with a Si02 flash column eluting with 40-80% 
ethyl acetate in hexane to provided two enantiomerically pure 
compounds. The isomer which came out of the column first was 

3 0 designated as dl (2. 17 g, 30%) and the isomer which came out of the 
column second as d2 (0.87 g, 12%) and mixed fractions (700 mg). The 
initial stereochemistry assignment was made by NMR comparison of 
these compounds with the intermediates obtained in Example C8 Step A. 
The absolute stereochemistry of those intermediates was established by 
X-ray analysis. The assignment was later confirmed by an X-ray analysis 
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of Intennediate 1. FAB-MS calc. for C22H26N2O5S: 430 ; Found 
431(M+H) dl: iH NMR (CDCI3. 400MHz) indicated the compound 
exists as a mixture of two confonners. 5 8.77, 8.65 (2 s, 1 H), 7.46-7.34 
(m, 5 H). 7.07, 7.02 (2 s, 1 H), 6.64, 6.23 (2s, 1 H), 4.29 (br. d, J=13.9 
Hz, 1/2 H), 4.10-4.02 (m, 3/2 H), 3.92-3.87 (m, 3/2 H), 3.61 (d, J=13.5 
Hz, 1/2 H), 3.46 (d, J=14 Hz, 1/2 H). 3.40-3.32 (m, 1/2 H), 3.25-3.21 (m, 
1/2 H), 3.18 (d, J=14 Hz, 1/2 H), 3.06 (d, J=14 Hz, 1/2 H), 2.96 (d, J=14 
Hz, 1/2 H), 2.84 (d, J=14 Hz, 1/2 H), 2.85-2.75 (br. m, 1/2 H), 2.14,2.11 
(2s. 3 H), 1.90-1.82 (m, 1 1/2 H), 1.80-1.75 (m, 1 H), 1.61-1.55 (m, 1 H). 
° 1.50-1.40 (br. m, 1/2 H), 1.14 (t, J= 7 Hz, 3/2 H), 1.03 (t, J= 7 Hz, 3/2 H). 
d2: IH NMR (CDCI3, 400MHz) indicated the compound exists as a 
mixture of two conforraers. 5 8.71, 8.68 (2d, J=1.8 Hz, 1 H), 7.41-7.34 
(m, 5 H, 7.06, 6.83 (2 d, J=1.8 Hz, 1 H), 6.41 6.20 (2s, 1 H), 4.46 (br. d, 
J=13.4 Hz, 1/2 H), 4.24-3.93 (m, 3 H), 3.41 (d, J=13.5 Hz, 1/2 H), 3.31- 
3.28 m, 1 H), 3.13 (d, J=14.2 Hz, 1/2 H), 3.04 (d, J=14.2 Hz, 1/2 H), 3.04 
(d, J=14.2 Hz, 1/2 H), 2.92 (d, J=14 Hz. 1/2 H), 2.73 (d, J=14 Hz, 1/2 H), 
2.54 ( d, J=13.8 Hz. 1 H). 2.30 ( br. d, J=13 Hz). 2.15, 2.09 (2 s, 3 H), 
2.00-1.95 (m, 1/2 H), 1.65-1.49 (m, 2 H), 1.37 (dt, J=4, 12.8 Hz, 1/2 H), 
1.17-1.10 (m, 3 H). 



StepD : 

H 




A solution of the intermediate dl from the previous step (2.0 
g. 4.65 nmiol) concentrated hydrochloric acid (25 mL) and ethanol (25 
mL) was refluxed for 3 hours and was evaporated to dryness. The 
residue was neutralized by ammonium hydroxide and extracted by 
dichloromethane, and then was purified by Si02 flash colunm eluting 
with 1:10:90 NH40H:MeOH:CHa3 to yield the product (0.72 g. 61%). 
IH NMR (CD3OD, 400MHz) 5 8.88 (d, J=2 Hz, 1 H), 7.21 (d, J=2 Hz, 1 
H), 4.20-4.07 (m, 2 H), 3.28 (br. d, 1 H), 3.06 (d, JAB=14 Hz, 1 H), 2.97 
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(d, JBA=14 Hz, 1 H). 2.92-2.80 (md, 1 H), 2.61-2.57 (m, 2 H), 2.21-2.16 
(br. d, 1 H), 1.66-1.40 (m, 3 H). 1.20 (t, J=7.3 Hz. 3 H). 
FAB-MS calc, for C12H18N2O2S : 254 ; Found 255 (M+H) 

StepE : 



10 




To a stirred solution of the intermediate from the previous 
step (163 mg, 0.642 mmol). Intermediate 1 (250 mg, 0.642 mmol) and 
HOBT (87 mg, 0.642 mmol) in dichloromethane (20 mL) was added 
EDC (247 mg, 1.28 mmol) at O^C. The reaction mixture was stirred 
overnight and allowed to warm to room temperature. The solution was 
washed with saturated sodium chloride, dried over anhydrous magnesium 
sulfate; then filtered and concentrated. Purification by MPLC eluting 
with 60% ethyl acetate in hexane provided the desired compound (285 
mg, 71%). FAB-MS calc. for C32H43N5O6S : 625 ; Found 626 (M+H); 
526(M+-Boc(100)). 

StepF: 



30 
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Hydrogen chloride gas was bubbled into a solution of the 
intennediate from the previous step (270 mg, 0.43 mmol) in ethyl acetate 
(10 mL) at 0**C until it was saturated. The reaction was stirred for 30 
minutes, and evaporated to remove the ethyl acetate to afford the product 
(226mg.93%). NMR (CD30D, 400MHz): 
9.90 (d. J=2.2Hz, 4/5H), 9.5 (d, J=2.2 Hz. 1/5H), 8.48 (d, J=7.15, 4/5H), 
8.15 (d, 7.15, 1/5H), 7.70 (d, 1=2.2 Hz, 4/5H), 7.68 (d, J=2.2, 1/5H), 7.55 
(d, J=7.89 Hz, IH), 7.27 (d, J=8.0 Hz, IH), 7.06-6.95 (M, IH), 3.94 (q, 
J=7.1 Hz, 2H), 3.94 (q, J=7.1 Hz. 2H), 2.37 (d. J=14.9, IH). 1.90 (d, 
J=14.9, IH), 1.60(s, 6H), 1.07 (t, J=7.1 Hz, 3H), 
FAB-MS calc. for C27H35N5O4S : 525 ; Found 526 (M+H) 



EXAMPLE C27A 



15 

NHg HCI 



H 

20 



CI 

\s*NHCI 

Following the same procedures as in Example C27 and 
using the product d2 fix)m step C, the title compound was prepared. 
FAB-MS calc. for C27H35N5O4S : 525 ; Found 526 (M+H) 



The additional intermediates shown in Table CX were 
prepared with the corresponding alkylating agents accordmg to the above 
established procedure as exemplified in Example C27 steps A and B. 
The final compounds were prepared according to Efcample CI Steps D 
and E, using Intermediate 1. 



wo 95/13069 



PCTAJS94/12816 



-341 



TABLE CX 



y 

Intermediate 



" Cm 



^COsEt 



Product 



Intennediate 



Product 



10 



15 



20 



25 



entry Y 

NfT 

2 2-thiazolylmethyl 

3 4-thiazolylmethyl 

4 5-thiazolylmethyl 

5 (4-methyl-2- 
thiazolyl)methyl 

6 (2-methyl-4- 
thiazolyl)methyl 

7 (4-methyl-5- 
thiazolyl)methyl 

8 (5-methyl-4- 
tfaiazoIyl)methyl 



MF MF 

FAB-MS (M+1) FAB-MS (M+1) 

C14H22N2O3 C29H39N5O5 



267 

C12HI8N2O2S 
255 

C12HI8N2O2S 
255 

C12H18N2O2S 
255 

C13H20N2O2S 
269 

C13H20N2O2S 
269 

C13H20N2O2S 
269 

C13H20N2O2S 
269 



538 

C27H35N5O4S 
526 

C27H35N5O4S 
526 

C27H35N5O4S 
526 

C28H37N5O4S 
540 

C28H37N5O4S 
540 

C28H37N5O4S 
540 

C28H37N5O4S 
540 



isomer 
RS 

RS 
RS 
RS 
RS 
RS 
RS 
RS 



30 
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EXAMPLEC28 



5 




A solution of the final product of Example C27 (50 mg), 
NaOH (3 N, 5 equiv.) in an mixture of ethanol/water (3:1, 5 mL) was 
stirred at 60°C for two days. The reaction mixture as then evaporated in 
vacuo to remove ethanol. The residue was acidified by hydrochloric acid 
to pH=l and then evaporated to dryness. The white residue was purified 
by silica gel column eluting with 3/30/70 NH40H/MeOH/CHC13 to give 
the desired product (25 mg). FAB-MS calc. for C25H31N5O4S: 497 ; 
Found 498(M+H) 



EXAMPLE C29 
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The less polar (dl) intermediate from Example C27 step C 
(1.5 g, 3.48 mmol) was refluxed for 2 hours in ethanol (10 ml) and 5 N 
NaOH (3.5 mL). The mixture was then cooled to room temperature and 
slowly treated with 3 N HQ to pH=ll. To this stirred solution was 
added di-tert-butyl dicarbonate (1.52 g, 7 mmol) and stured for two 
hours. The solution was acidified to pH 4 and then neutralized to pH 7 
and extracted with ethyl acetate three tunes. The organic extracts were 
combined, dried, and concentrated to give white solid (810 mg). 




To a solution of the intemediate from the last step (800 mg), 
benzyl alcohol (1.27 mL), and DMAP (30 mg) in dichloromethane (40 
mL), was added EDC (935 mg, 4.9 nmiol). The mixture was stirred at 
20 room temperature for three days, and was poured into dilute NaHCOs 
solution. It was extracted with ethyl acetate three times, and dried over 
MgS04. Evaporation and purification by a flash column eluting with 20- 
40% ethyl acetate in hexane gave the desired product.(145 mg). 



25 Step C: 



30 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (140 mg) in efliyl acetate 
(20 mL) and HCl gas at 0°C for 15 minutes. After evaporation, the 
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residue was dissolved in dichloromethane and the solution was washed 
with NH40H. The organic layer was dried evaporated to give the 
product. 

StepD : 

H 



^^^J 9=0 o 



NHBoo 

6=0 6 

t 

10 H 




Prepared by the procedure described in Example CI, Step D 
from the intermediate prepared in the previous step (140 mg, 0.443 
mmol). Intermediate 1 (172 mg , 0.443 mmol), HOBT (60 mg.) and EDC 
(170 mg). Purification by MPLC, eluting with 80% ethyl acetate in 
hexane, provided the intermediate (210 mg). 



Step E : 

H 



11^^ J c=o o 



H 




Prepared by the procedure described in Example CI, Step C 
from the intermediate from the previous step (12 mg, 0.018 mmol) and 
HCl gas in etiiyl acetate (3 mL) at O^C for 10 minutes. 
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10 



15 



20 



25 



30 



Likewise it is possible to prepare the compounds shown in 
Table CXa according to this example by reacting the intermediate from 
Example C29, Step A, with methylamine, ethylamine, ethanolamine, 3- 
aminopropanol or 2-(methylthio)ethylamine instead of benzyl alcohol m 
Step B, and using Intermediate 1 or Intermediate 3 in Step D. 

TABLE CXa 
CsKD O 




entry Rl 



1 



a 



H 

(CH2)3- 




H 

(CH2)a 



CH, 



a 



-CONHCHs 

-CONHCHs 
-CONHCH2CH3 

-CONHCH2CH3 
-CONHCH2CH2OH 



H 
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10 



15 



8 



10 





(CH2)3- 



,CH, 




H 

(CH2)3- 




N' 
H 

(CH2)3- 



-CONHCH2CH2OH 

-CONH(CH2)30H 
-CONH(CH2)30H 



CH2- -CONH(CH2)2SCH3 



-CONH(CH2)2SCH3 



20 



25 



Step A : 



30 



EXAMPLE cm 
H 



c=o o 




''COgEt 



\5>NHCI 



H 



c=o o 



NHBOC 




'COzEt 
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Prepared by the procedure described in Example CI, Step D 
from the intennediate prepared in Example C27 Step D (134 mg, 0.528 
mmol). Intermediate 3 (200 mg . 0.528 mmol). HOST (71 mg, 1 eq.), and 
EDC (200 mg, 2 eq.). Purification by MPLC, eluting with 60% ethyl 
acetate in hexane provided the intermediate (160 mg, 49%) 
FAB-MS calc. for C32H46N4O6S: 606 ; Found 607 (M+H) 

Step B : 

H 



9=00 




'COgEt 



^\^NHCI 



Prepared by the procedure described in Example CI, Step C 
fi-om the intermediate from the previous step (155 mg, 0.252 mmol) and 
HCl gas in ethyl acetate (5 mL) at 0°C for 10 minutes (142 mg, 96%). 
FAB-MS calc. for C27H38N4O4S: 506 ; Found 507 (M+H) 



EXAMPLE C^l 
H 



^An^ c=o o 



H 




NHCOoMe 
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Step A : 

Boc 

^NCO 





To a stirred solution of the product from example 15 step A 
(2.00 g, 6..26 mmol) and DMF (3 drops) in benzene (20 mL) at 0°C, was 

10 added oxalyl chloride (0.89 g, 6.89 mmol) slowly. The reaction was 
stirred at 0°C for 10 minutes and another 20 minutes at room 
temperature. The reaction mixmre was evaporated in vacuo to give the 
acyl chloride and it was used for the next reaction without further 
purification. To a stirred solution of the residue in acetone (20 mL) at 5 

15 "C, was added sodium azide (1.22 g, 18.8 nmiol) in water (3 mL) and the 
resulting mixture was stirred at room temperature for 30 minutes. The 
reaction mixture was evaporated to remove acetone, and was diluted with 
water and extracted with ether. The ether extracts were combined and 
dried over MgS04. Filtration and evaporation gave the crude azide and it 

20 was used without further purification. The resulting material was 
dissolved in toluene (70 mL) and was refluxed overnight to give the 
isocyanate toluene solution. FAB-MS calc. for C18H24N2O3: 316; 
Found 217 (M+H-BOC(100)). 



25 Step B : 



Boc 





NHCOaMe 



A solution of methanol (5 mL) and the solution obtained 
from the last step (15 mL out of 70 mL total, 1.3 mmol) was refluxed 
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10 



15 



20 



25 



overnight. The reaction mixture was evaporated to give a white solid 
(331 mg). FAB-MS calc. forCl9H28N204: 348; Found 349 (M+H). 



To a solution of the intermediate from the previous step (271 



mg) in ethyl acetate (15 mL) at O^C, was bubbled hydrogen chloride gas 
until saturation occurred. The reaction was stirred for 30 minutes, until 
TLC analysis indicated that the reaction was complete. The solution was 
then concentrated to remove the ethyl acetate to afford the product (284 
mg). FAB-MS calc. for C14H20N2O2: 248; Found 249 (M+H) 



Prepared by the procedure described in Example CI, Step D 



from the intermediate prepared in die previous step (0.284 g, 1 mmol), 
Intermediate 1 (0.388 g, 1 mmol), HOBT (1 eq.), N-metiiyl mori)holine 
(1 eq.), and EDC (1.5 eq.). Purification by MPLC, eluting with 60% 
ethyl acetate in hexane, provided the intermediate (0.35 g). 
FAB-MS calc. for C34H45N5O6: 619; Found 620 (M+H) 



StepC : 



HHCI 
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10 



15 



Step E : 



NH2 HCI 




NHCOoMe 



To a solution of the intermediate from the previous step (200 
mg, mmol) in ethyl acetate (10 mL) at 0**C, was bubbled hydrogen 
chloride gas until saturation occurred. The reaction was stirred for 30 
minutes, and then concentrated to remove the ethyl acetate to afford the 
product (158mg). FAB-MS calc. for C29H37N5O4: 519; Found 520 
(M+H) 



20 



25 



30 



Step A : 



EXAMPLE 
H 



K^^J 9=0 o NH2 



HCI 




OEt 




9=0 O NHBOC 



OEt 
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To a stirred suspension of the intermediate obtained in 
Example C2, step C (HCI salt, 2.51 g, 5.34 mmol), N-Boc-P-amino-P- 
Me-butyric acid (1.16g, 1 equiv.), NMM (0.6 mL, 1 equiv.) and DMAP 
(33 mg,0.05 equiv.) in dichloromethane (30 mL), was added EDC (1.55 
g, 1.5 equiv.) in several portions. The reaction mixture quickly became 
clear and it was stirred for 3 hours and was worked up by diluting it with 
dichloromethane and washing with 3 N HQ, brine, and saturated sodium 
bicarbonate solution. The organic layer was dried over MgSCW, 
evaporated and purified by silica gel column chromatography, eluting 
with 60% ethyl acetate in hexane to give the desired compound (3.40 g, 
100%). FAB-MS calc. for C36H48N4O6: 632; Found 633 (M+H) 

StepB : 

^ — ^"rv 

C=0 O NH2 HCI 



10 



20 



25 



30 





To a stirred solution of the intermediate from the previous 
step (3.28 g. 5.18 mmol) in ethyl acetate (30 mL) at O^C, was bubbled 
HCI gas until it was saturated. The reaction was stirred for 10 minutes, 
and was evaporated to dryness. The residue was dissolved in 
dichloromethane, and to which ether was added. The solid which formed 
was collected by filtration, and it was air dried and left under high 
vacuum overnight to give the product (2.44g, 83%). 
FAB-MS calc. for C31H40N4O4: 532; Found 533 (M+H) 

Similarly the following compounds were prepared according 
to the same procedure as described above, but using different Hoc 
protected amino acids which were subsequently deprotected as described 
above. 
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TABLE CXI 
H 



H 




entry 


Rll 


MF 

FAB-MS (M+1) 


1 


D-Ala- 


C29H36N4O4 






505 


2 


L-Ala- 


C29H36N4O4 






505 


3 


P-Ala- 


C29H36N4O4 






505 


4 


DL-a-Me-Ser- 


, C30H38N4O5 






535 


5 




C30H36N4O4 




o 


517 


6 




C33H42N4O4 






559 










O 




7 


D-Pro- 


C31H38N4O4 






531 


8 


N-Me-Aib- 


C31H40N4O4 



533 
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EXAMPLE r^:^ 




To a stirred solution of the product from Example C32 (808 
mg, 1.42 mmol), (R)-glyceraldehyde acetonide (923 mg, 5 equiv.) and 
sodium acetate (582 mg, 5 equiv.) in methanol (15 mL) at 0°C, was 
slowly added sodium cyanoborohydiide (134 mg, 1.5 equiv.) and the 
resulting mixture was stirred at room temperature overnight. The mixture 
was evaporated to remove methanol and partitioned between sodium 
bicarbonate solution and dichloromethane. The organic layer was 
separated and the aqueous layer was extracted two more times with 
2Q dichloromethane. The combined organic extracts were dried over 
magnesium sulfate and purified by a silica gel column, eluting with 5- 
10% methanol in dichloromethane to give the product (835 mg, 91%) 
FAB-MS calc. for C37H50N4O6: 646; Found 647 (M+H) 

25 EXAMPLE C:34 



30 




To a solution of the product from Example C33 (367 mg, 
0.566 mmol) in methanol (10 mL) was added hydrochloric acid (3 N, 1 
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20 



354 



mL) and the resulting mixture was stirred at room temperature for one 
day. The reaction mixture was evaporated in vacuo, and toluene was 
added and evaporated in vacuo again to remove the residual water to give 
the product (350 mg, 99%). FAB-MS calc. for C34H46N4O6: 606; 
Found 607 (M+H) 



EXAMPLE r:^5 
H 



9=0 o 



H 




COgEt 




15 R12 

Additional benzyl substituted intermediates and products as 
shown in Table CXU were prepared according to procedures described in 
Example CI Steps A and B using appropriately substituted benzyl halides 
in the alkylation step. Functional groups changes as needed were made at 
the intermediate Step B stage to convert as needed cyano groups to 
carboxamides, esters and tetrazoles, nitro groups to amines and 
acetylamines and esters to acids (at step D) according to standard 
literature procedures. 



25 



30 
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TABLE CXn: ADDITIONAL EXAMPT.FS 

H 



H 

.N 





H 



COaEt 
T-R12 
Intermediate 




COgEt 









Intennediate 


Product 






entry 


R12 


MF 


MF 


isomer 


15 






FAB-MS (M+1) 


FAB-MS (M+n 






1 


o-cyano- 


CI6H20N2O2 


C31H37N5O4 


dl 








273 


544 


d2 




2 


m-cyano- 


CI6H20N2O2 


C31H37N5O4 


dl 








273 


544 


d2 


20 


3 


jP-cyano- 


CI6H20N2O2 


C31H37N5O4 


dl 








273 


544 


d2 




4 


P-NH2OC- 


CI6H22N2O3 


C31H37N5O4 


RS 








291 


562 






5 


/7-Et02C- 


CI8H25NO4 


C33H42N4O6 


dl 


25 






320 


591 


d2 




6 


/?-H02C- 




C31H38N4O6 


dl 










563 


d2 




7 


/?-(lH-tetrazole-5- 


CI6H21N5O2 


C31H38N8O4 


RS 






yi) 


316 


587 




30 


8 


m-NH20C- 


C16H22N2O3 


C31H37N5O4 


RS 








291 


562 






9 


m-Et02C- 


CI8H25NO4 


C33H42N4O6 


dl 








320 


591 


d2 




10 


m-H02C- 




C31H38N4O6 


dl 










563 


d2 
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11 


m-(lH-tetrazole-5- 


CI6H21N5O2 


C31H38N8O4 


RS 




yi) 


316 


587 




12 


0-NH2OC- 


CI6H22N2O3 


C31H37N5O4 


RS 






291 


562 




13 


o-Et02C- 


C18H25NO4 


C33H42N4O6 


dl 






320 


591 


d2 


14 


0-HO2C- 




C31H38N4O6 


dl 








563 


d2 


15 


o-ClH-tetrazole-S- 


CI6H21N5O2 


C31H38N8O4 


RS 




yi 


316 


587 




16 


p-AcNH- 


C17H24N2O3 


C32H41N5O5 


RS 






305 


576 




17 


m-AcNH- 


C17H24N2O3 


C32H41N5O5 


RS 






305 


576 





While the invention has been described and illustrated with 
reference to certain particular embodiments thereof, those skilled in the 
art will appreciate that various adaptations, changes, modifications, 
substitutions, deletions, or additions of procedures and protocols may be 
made without departing from the spirit and scope of the invention. For 
example, effective dosages other than the particular dosages as set forth 
herein above may be applicable as a consequence of variations in the 
responsiveness of the manunal being treated for any of the indications 

^ with the compounds of the invention indicated above. Likewise, the 
specific pharmacological responses observed may vary according to and 
depending upon the particular active compounds selected or whether 
there are present pharmaceutical carriers, as well as the type of 
formulation and mode of administration employed, and such expected 

^ variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is mtended, 
therefore, that the invention be defined by the scope of the claims which 
follow and that such claims be interpreted as broadly as is reasonable. 
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WHAT IS CLAIMED TS; 



1. 



A compound of the formula: 



5 



H H O 
Ri— p-N-C- 

C=0 



A-N 



10 




X 



w 



Formula! 



wherein: 

Rl is selected from the group consisting of: 

15 Cl-Cio alkyl. aryl, aryl(Cl-C6 alkyl), (C3-C7 cycloaIkyl)(Ci-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aryl(Co-C5 alkyl)-K-(Ci-C5 alkyl)-, 
and (C3-C7 cycloalkyl)(C0-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
S(0)m, N(R2)C(0), C(0)N(R2), 0C(0), C(0)0. -CR2=CR2-, or -C=C-, 
where aiyl is selected from: phenyl, naphthyl, indolyl, azaindole, 

20 pyridyl, benzothienyl. benzofuranyl, thiazolyl, and benzunidazolyl, and 
R2 and alkyl may be further substituted by 1 to 9 halogen, S(0)mR2a» 1 
to 3 of OR2a or C(0)OR2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2, 1 to 2 of -CF3, -OCF3, nitro, -N(R2)C(0)(R2). -C(0)0R2, 

25 -C(0)N(R2)(R2), -lH-tetrazol-5-yl. -S02N(R2)(R2), -N(R2)S02 phenyl, 
or-N(R2)S02R2; 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, tiiey may be 
3 0 optionaUy joined to form a C3-(C8 cyclic ring, optionally including 
oxygen, sulfur or NR3a; 

R2a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 
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R3 is selected from: hydrogen, -(CH2)rphenyl, -(CH2)rnaphthyl, -Ci-Cio 
alkyl, -C3-C7 cycloalkyl, where the phenyl, naphthyl and C3-C7 
cycloalkyl rings may be substituted by 1 to 3 substituents selected from 
the group consisting of: C1-C6 alkyl, halogen, -OR2, -NHSO2CF3, 
-(CH2)rOR6, -(CH2)rN(R2)(R6). -(CH2)r (Re). -(CH2)rC(0)OR2, 
-(CH2)iC(0)OR6, -(CH2)rOC(0)R2. -(CH2)iOC(0)R6, 
-(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2), 
-(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 
-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2.- 
(CH2)rN(R2)C(0)OR6, -(CH2)rN(R6)C(0)OR2. 
-(CH2)rN(R6)C(0)OR6,-(CH2)rN(R2)C(0)N(R2)(R6), 
-(CH2)rN(R2)C(0)N(R2)(R2), -(CH2)rN(R6)C(0)N(R2)(R6), 
(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2, 
CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 
-(CH2)rOC(0)N(R2)(R2). -(CH2)rS02N(R2)(R6). 
-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6, -(CH2)rS02NHC(0)R2, 
-(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR2, 
-(CH2)rC(0)NHC(0)NR2,-(CH2)rC(0)NHC(0)NR6, 
-(CH2)rC(0)NHC(0)R2 , -(CH2)rCONHC(0)R6, 
-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, 
-(CH2)rCONHS02N(R2)R2), -(CH2)rCONHS02N(R2)R6), 
-(CH2)rN(R2)S02N(R2)R6).-(CH2)rN(R6)S02N(R2)R6). 
-(CH2)rS(0)mR6, and -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

W is selected from the group consisting of: hydrogen, 
-CN, -C(0)0R8, -C(0)OR2, -C(0)0(CH2)laryl, -C(0)N(R2)(R2); 
-C(0)N(R2)(R8). -C(0)N(R2)(CH2)1 aryl, -CH2N(R2)C(0)R8 
-CH2N(R2)C(0)(CH2)laryl, -(CH2)rOR2, -CH(OH)R2, 
-CH(OH)(CH2)laryl, -C(0)R2, -C(0)(CH2)l aryl, lH-tetrazol-5-yl, 
5-amino-l, 2, 4-oxadiazol-3-yl, and 5-methyl-l, 2, 4-oxadiazol-3-yl, 
where Rg is hydrogen, C1-C6 alkyl, or C1-C6 alkyl substituted by 
OR2. C(0)0R2, CON(R2)(R2), N(R2)C(0)R2. 
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N(R2)C(0)N(R2)(R2), and aiyl is phenyl, pyridyl, or lH-tetrazol-5- 

yi; 

X is selected from the group consisting of: hydrogen, -ON, 
-(CH2)qN(R2)C(0)R2,-(CH2)qN(R2)C(0)(CH2)taiyl, 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2. 
-(CH2)qN(R2)C(0)N(R2)(CH2)taryl.-(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2),-(CH2)qC(0)N(R2)(CH2)taiyl, 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, 
-(CH2)qOC(0)R2, -(CH2)qOC(0)(CH2)taryl, 
-(CH2)qOC(0)N(R2)(CH2)taryl, -(CH2)qOC(0)N(R2)(R2), 
-(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryl, 
-(CH2)qN(R2)C(0)OR2, -(CH2)qN(R2)S02N(R2)(R2), 
-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl, where an R2, (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)mCH3, 
carboxylate C1-C4 alkyl esters, or lH-tetrazol-5-yl, and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substimtedby 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)niR2, or lH-tetrazol-5-yl; 

Y is selected from Ae group consisting of: 
hydrogen. Cl-ClO alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K.(Cl-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)in, C(0)NR2, CH^CH, OC. N(R2)C(0), C(0)NR2, C(0)0, 
or 0C(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by Ci-Q alkyl, hydroxyl, C1-C4 lower alkoxy, 
carboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, imidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, p3m:azinyl, or isothiazolyl which is optionally substituted by 1 
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to 3 halogen, 1 to 3 -OR2. -C(0)0R2, -C(0)N(R2)(R2), nitro, cyano, 

benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 

with the proviso that at least one of R3, W, X, and Y are other than 

hydrogen; 



R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted Ci- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Ci-Cio alkanoyloxy, 1 to 3 Ci-Ce alkoxy, phenyl, phenoxy, 2- 
fiiryl, C1-C6 alkoxycarbonyl. S(0)m(Cl-C6 alkyl); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, 0, 
S(0)ni or N(R2), d and e are independently 1 to 3 and R2 is as defined 
above; 



20 

where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 

25 R6 is hydrogen, C1-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2, 
lH-tetrazol-5-yl, C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2),and wherein aryl is phenyl, pyridyl, IH-tetrazol- 
5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, unidazolone- 
1-yl, benzimidazol-2-yl, triazolinone-yl optionally substituted with Cl- 
C6 alkyl, C3-C6 cycloalkyl, amino, or hydroxyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Cl-C6 alkyl), 



A is: 




or 
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C3-C7 cycloalkyl, N(R2)(R2). C(0)N(R2)(R2); or R7 and R7a can 
independently be joined to one or both of R4 and R5 groups to form 
alkylene bridges between the terminal nitrogen and the alkyl portion of 
the R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms; 
or R7 and R7a can be joined to one another to form a C3-C7 cycloalkyl; 

1 is 0, 1 or 2; 
m is 0, 1, or 2; 
nis 1, 2, or 3; 
10 q is 0, 1,2, 3, or 4; 
r is 0, 1, 2, or 3; 
tis 0, 1,2, or 3; 
V is 0, 1, or 2 ; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



2. A compound of the formula: 
H H O 

20 Ri— p-N-C-A-N 

C=0 R5 




Formula AI 

wherein: 

Rl is selected from the group consisting of: 

Cl-Cio alkyl, aryl, aryl(Ci-C6 alkyl), (C3-C7 cycloalkyl)(Ci-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aiyl(Co-C5 alkyl)-K-(Cl-C5 alkyl)-. 
and (C3-C7 cycloalkyl)(C0-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
S(0)m, N(R2)C(0), C(0)N(R2). 0C(0), C(0)0, -CR2=CR2-, or -CsC-, 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzunidazolyl, and 
R2 and alkyl may be further substituted by 1 to 9 halogen, S(0)mR2a. 1 
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to 3 of 0R2a or C(0)OR2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2. 1 to 2 of -CF3, -OCF3. nitro, -N(R2)C(0)(R2). -C(0)OR2, 
-C(0)N(R2)(R2), -lH-tetrazol-5-yl, -S02N(R2)(R2), -N(R2)S02 phenyl, 
5 or-N(R2)S02R2; 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionally joined to form a C3-C8 cyclic ring, optionally mcluding 
oxygen, sulfur or NR3a; 

R2a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

R3 is selected from: hydrogen, -(CH2)rphenyl, -(CH2)rnaphthyl, -Cl- 
ClO alkyl, -C3-C7 cycloalkyl, where the phenyl, naphthyl and C3-C7 
cycloalkyl rings may be substituted by 1 to 3 substituents selected from 
the group consisting of: C1-C6 alkyl, halogen, -OR2, -NHSO2CF3, 
-(CH2)rOR6, -(CH2)rN(R2)(R6), -(CH2)r (R6). -(CH2)rC(0)OR2, 
-(CH2)rC(0)OR6, -(CH2)rOC(0)R2, -(CH2)rOC(0)R6, 
-(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2). 
2° -(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 
-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6. -(CH2)rN(R2)C(0)OR2, 
-(CH2)rN(R2)C(0)OR6. -(CH2)rN(R6)C(0)OR2, 
-(CH2)rN(R6)C(0)OR6,.(CH2)rN(R2)C(0)N(R2)(R6), 
-(CH2)rN(R2)C(0)N(R2)(R2),-(CH2)rN(R6)C(0)N(R2)(R6), 
-(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2. 
-(CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 
-(CH2)rOC(0)N(R2)(R2). -(CH2)rS02N(R2)(R6), 
-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6,.(CH2)rS02NHC(0)R2, 
-(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR2, 
. 2° -(CH2)rC(0)NHC(0)NR2. -(CH2)rC(0)NHC(0)NR6, 
-(CH2)rC(0)NHC(0)R2 , -(CH2)rCONHC(0)R6, 
-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, 
-(CH2)rCONHS02N(R2)(R2),-(CH2)rCONHS02N(R2)(R6), 
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-(CH2)rN(R2)S02N(R2)R6),-(CH2)rN(R6)S02N((R2)(R6). 
-(CH2)rS(0)mR6. and -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

W is selected from the group consistmg of: 
-CN, -C(0)0R8. -C(0)0R2, -C(0)0(CH2)laryl, -C(0)N(R2)(R2); 
-C(0)N(R2)(R8), -C(0)N(R2)(CH2)1 aryl, -CH2N(R2)C(0)R8 
-CH2N(R2)C(0)(CH2)laryl. -(CH2)rOR2, -CH(0H)R2, 
1° -CH(OH)(CH2)laryl, -C(0)R2, -C(0)(CH2)l aryl, lH-tetrazol-5-yl, 
5-amino-l, 2, 4-oxadiazol-3-yl, and 5-methyl-l, 2, 4-oxadiazol-3-yl, 
where Rg is hydrogen, C1-C6 alkyl, or C1-C6 alkyl substituted by 
OR2, C(0)0R2, CON(R2)(R2). N(R2)C(0)R2, 
N(R2)C(0)N(R2)(R2), and aryl is phenyl, pyridyl, or lH-tetrazol-5- 

yi; 

X is selected from: hydrogen, -ON, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)qN(R2)S02(CH2)taryl, 
-(CH2)qN(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 

^° -(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(CH2)taryl, -(CH2)qC(0)OR2, 
-(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl,-(CH2)qOC(0)N(R2)(CH2)taiyl, 
-(CH2)qOC(0)N(R2)(R2), -(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryl, 

25 -(CH2)qN(R2)C(0)OR2, -(CH2)qN(R2)S02N(R2)(R2). 

-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl, where an R2, (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 Cl-Gj. alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)mCH3, 
carboxylate C1-C4 alkyl esters, or IH-tetrazol-S-yl, and aryl is phenyl, 
naphthyl, pyridyl, tiiiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substitated by 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 



Y is selected from: hydrogen, Cl-Cio alkyl, -(CH2)taryl, 
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-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K-(Cl-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S). and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl). where 
K is O, S(0)m, C(0)NR2, CH=CH, CsC, N(R2)C(0), C(0)NR2, C(0)0. 
or 0C(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
caiboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, imidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrrazinyl, or isothiazolyl which is optionally substituted by 1 
to 3 halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), nitro, cyano, 
benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-tetrazol-5-yl; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, substituted Ci- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Cl-CiO alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2- 
furyl, C1-C6 alkoxycarbonyl, S(0)m(Ci-C6 alkyl); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, 0, 
S(0)m or N(R2), d and e are independently 1 to 3 and R2 is as defined 
above; 

A is: 

25 — (CH2)x-C-(CH2)ir or 
R7a 

where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 

R6 is hydrogen, C1-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2. 
lH-tetrazol-5-yl, C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2),and wherein aryl is phenyl, pyridyl, IH-tetrazol- 



15 



20 



— Z-(CH2)x-C-(CH2)— 
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5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, imidazolone- 
1-yl, benzimidazol-2-yl, triazolinone-yl optionally substituted with Ci- 
C6 alkyl, C3-C6 cycloalkyl, amino, or hydroxyl; 

5 R7 and R7a are independentiy hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Cl-C6 alkyl), 
C3-C7 cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and R7a can 
independentiy be joined to one or both of R4 and R5 groups to form 

^ ° alkylene bridges between tiie terminal nitrogen and the alkyl portion of 
tiie R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms; 
or R7 and R7a can be joined to one anotiier to form a C3-C7 cycloalkyl; 

1 is 0, 1 or 2; 
15 mis 0,1, or 2; 
nis 1, 2, or 3; 
qis 0, 1,2, 3, or 4; 
risO, 1,2, or 3; 
tisO, 1,2, or 3; 
V is 0, 1, or 2 ; 

20 

and pharmaceutically acceptable salts and individual diastereomers 
tiiereof. 



25 



30 
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3. The compound of Claim 2 wherein: 

Rl is selected from the group consisting of: 

Cl-Cio alkyl, aryl (C1-C4 alkyl)-, €3-06 cycloalkyl (C1-C4 alkyl)-, 

5 (C1-C4 alkyl>K-(Ci-C2 alkyl)-, aryl (C0-C2 alkyl)-K-(Cl-C2 alkyl)-, 
and (C3-C7 cycloalkyl)(C0-C2 alkyl)-K-(Cl-C2 alkyl)-, where K is O, 
S(0)m» 0C(0), C(0)0 and the alkyl groups may be further substituted 
by 1 to 7 halogen, S(0)mR2, 1 to 3 OR2 or C(0)0R2 and aryl is phenyl, 
naphthyl, indolyl, pyridyl, benzothienyl, or benzofiiranyl which may be 

^° further substituted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 OR2, 
S(0)mR2orC(0)OR2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
^ ^ form a Gj-Cy cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is hydrogen or phenyl optionally substituted in the ortho position by a 
C1-C6 alkyl group, -NHSO2CF3, -(CH2)r (lH-tetrazol-5-yl). 
-(CH2)rC(0)OR2, (CH2)rC(0)N(R2)(R6); 

20 

R3a is hydrogen, or C1-C4 alkyl; 

W is -CN, -C(0)0R2, -C(0)N(R2)(R2). -C(0)N(R2)(CH2)l phenyl, 
lH-tetrazol-5-yl, or -(CH2)rOR2; 

25 

X is hydrogen, -(CH2)qC(0)N(R2)(R6), or -(CH2)qC(0)OR2; 

Y is hydrogen, Cl-Cg alkyl, -(CH2)t phenyl, -(CH2)t pyridyl, or 
-(CH2)tthiazolyl; 

30 

R4 and R5 are independently hydrogen, C1-C6 alkyl, or substimted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxyl, 
S(0)m (C1-C6 alkyl) or phenyl; 
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R6 is hydrogen, or C1-C6 alkyl; 
A is: 

5 fjty 

(CH2)x-C— 

where X is 0, or 1; 

^° R7 and R7a are independently hydrogen C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0(Cl-C6 alkyl), 
C5-C7 cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and Rva can 
independently be joined to one of R4 or R5 to form alkylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and R7a can be joined to one 
another to form a C3 cycloalkyl; 

lis 0 or 1; 

20 

nis2; 

m is 0, 1, or 2; 
risO, 1,2 or 3; 
q is 0 or 1 
tisOorl; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



30 
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4. The compound of Claim 2 of the formula: 
H H O R . 

= I II / 4 

Ri— j-N-C-A-N 

C=0 R5 




R3 



10 

Fonnula Alb 

wherein: 

Rl is selected from the group consisting of: Cl-ClO alkyl, 
aiyl (C1-C3 alkyl)-. and aiyl (Cq-Ci alkyl)-K-(Ci-C2 alkyl)-, where K is 
15 O or S(0)m and the aryl is phenyl, pyridyl, naphthyl, or indolyl which 
are optionally substituted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 OR2, 
S(0)mR2orC(0)OR2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl and where two C1-C6 
20 groups are present on one atom they may be optionally joined to 

form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is hydrogen or phenyl optionally substituted in the ortho position by a 
C1-C3 alkyl group. (CH2)r(lH-tetrazol-5-yl) or (CH2)rC(0)OR2; 

25 

R3a is hydrogen, or C1-C4 alkyl; 

W is -CN, -C(0)0R2, or -C(0)N(R2)R2); 

3 Q X is hydrogen or C(0)0R2; 

Y is hydrogen, benzyl, picoyl, or thiazolylmethyl; 

R4 and R5 are independently hydrogen, C1-C3 alkyl, substituted C1-C3 
alkyl where the substituents may be 1 to 2 hydroxyl; 
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Ais: 

5 (CH2)x-C- 
where X is 0, or 1; 

R7 and R7a are independently hydrogen orCl-Gl. alkyl; 

m is 0, 1, or 2; 
risO, 1, or2; 

1 5 and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



5. The stereospecifically defined compound of Claim 2 
20 of the formula: 

H H O R . 
Ri— j-N-C-A-N 
c=o Rs 

(CHiy^ 

R3 Y 

wherein Rl, R3, R4, R5, A, W, X, Y, and n are as defined in Claim 2. 



30 
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10 




and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



15 



20 



25 
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7. A compound of the formula: 

U h< O Ra 
Ri— f-N-C-A-N 

C=0 Rs 
R3 Y 



10 FonnulaBI 

wherein: 

Rl is selected from the group consisting of: 

Ci-Cio alkyl, aryl, aryl(Ci-C6 alkyl), (C3-C7 cycloalkyl)(Ci-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aryl(Co-C5 aIkyl)-K-(Cl-C5 alkyl)-, 

15 and (C3-C7 cycloalkyl)(Co-C5 alkyl)-K-(Ci-C5 alkyl)-, where K is O, 
S(0)m, N(R2)C(0), C(0)N(R2), 0C(0), C(0)0, -CR2=CR2-, or -C=C-, 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofuranyl, thiazolyl, and benzunidazolyl, and 
R2 and alkyl may be further substituted by 1 to 9 halogen, S(0)mR2a, 1 

20 to 3 of OR2a or C(0)0R2a, and aryl may be further substimted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2, 1 to 2 of -CF3, -OCF3, nitro, -N(R2)C(0)(R2), -C(0)OR2, 
-C(0)N(R2)(R2), -lH-tetrazol-5-yl. -S02N(R2)(R2). -N(R2)S02 phenyl, 
or-N(R2)S02R2; 

25 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionally joined to form a C3-C8 cyclic ring, optionally including 
oxygen, sulfur or NR3a, where R3a is hydrogen, or C1-C6 alkyl, 
3 0 optionally substituted by hydroxyl; 

R2a is hydrogen, or C1-C6 alkyl optionally substimted by hydroxyl; 

R3 is selected from: -(CH2)rphenyl, -(CH2)rnaphthyl, -Cl-Clo alkyl, 
-C3-C7 cycloalkyl. and the phenyl, naphthyl and C3-C7 cycloalkyl rings 
may be substimted by 1 to 3 substiments selected from the group 
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consisting of: C1-C6 alkyl, halogen, -OR2, -NHSO2CF3, -(CH2)rOR6, 
-(CH2)rN(R2)(R6)..-(CH2)r (R6). -(CH2)rC(0)OR2, -(CH2)rC(0)OR6, 
-(CH2)rOC(0)R2. -(CH2)rOC(0)R6. -(CH2)rC(0)R2, -(CH2)rC(0)R6. 
-(CH2)rC(0)N(R2)(R2), -(CH2)rC(0)N(R2)(R6), -(CH2)rN(R2)C(0)R2 

5 -(CH2)rN(R2)C(0)R6, -(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, 
-(CH2)rN(R2)C(0)OR2,-(CH2)rN(R2)C(0)OR6, 
-(CH2)rN(R6)C(0)OR2, -(CH2)rN(R6)C(0)OR6. 
-(CH2)rN(R2)C(0)N(R2)(R6), -(CH2)rN(R2)C(0)N(R2)(R2), 
-(CH2)rN(R6)C(0)N(R2)(R6),(CH2)rN(R2)S02R6, 

^° -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2. CH2)rN(R6)S02R6, 
-(CH2)rOC(0)N(R2)(R6), -(CH2)rOC(0)N(R2)(R2), 
-(CH2)rS02N(R2)(R6).-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6, 
-(CH2)rS02NHC(0)R2,-(CH2)rS02NHC(0)OR6, 
-(CH2)rS02NHC(0)OR2, -(CH2)rC(0)NHC(0)NR2, 

15 -(CH2)rC(0)NHC(0)NR6, -(CH2)rC(0)NHC(0)R2 , 

-(CH2)rCONHC(0)R6,-(CH2)rCONHS02R6r(CH2)rCONHS02R2, 
-(CH2)rCONHS02N(R2)(R2), -(CH2)rCONHS02N(R2)(R6), 
-(CH2)rN(R2)S02N(R2)(R6), -(CH2)rN(R6)S02N(R2)(R6), 
-(CH2)rS(0)mR6. and -(CH2)rS(0)mR2; 

20 

R3a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 

X is selected from: hydrogen, -C^N, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl. -(CH2)qN(R2)S02(CH2)taryl, 

25 -(CH2)qN(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taiyl, 
-(CH2)qN(R2)C(0)N(R2)(R2),-(CH2)qC(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(CH2)taryl, -(CH2)qC(0)OR2. 
-(CH2)qC(0)0(CH2)taryl. -(CH2)qOR2, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taryl, -(CH2)qOC(0)N(R2)(CH2)taryl, 

3° -(CH2)qOC(0)N(R2)(R2), -(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryl, 
-(CH2)qN(R2)C(0)OR2.-(CH2)qN(R2)S02N(R2)(R2). 
-(CH2)qS(0)mR2, and -(CH2)qS(0)in(CH2)taryl, where an R2. (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 Cl-G^ alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)inCH3, 
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carboxylate Cl-Gj alkyl esters, or lH-tetrazol-5-yl, and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substituted by 1 to 3 halogen, 1 to 3 -0R2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl. -S(0)mR2. or lH-tetrazol-5-yl; 



Y is selected from: hydrogen, Ci-ClO alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K-(Ci-C6 alkyl), 
-(CH2)q-K-(CH2)taryl. -(CH2)q-K.(CH2)t(C3-C7 cycloalkyl 
containing O, NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m, C(0)NR2, CH=CH, CsC, N(R2)C(0), C(0)NR2. C(0)0, 
or OC(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
carboxyl, -CONH2 or carboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-tetrazol-5-yl, thiazolyl, imidazolyl, indolyl, 
pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrrazinyl, or isothiazolyl which is optionally substituted by 1 
to 3 halogen, 1 to 3 -OR2, 1 to 2 -N(R2)(R2),-C(0)OR2, 
-C(0)N(R2)(R2), nitro, -NHC(0)R2,cyano, benzyl, 1 to 3 C1-C4 alkyl, 
-S(0)inR2, or lH-tetrazol-5-yl; 



R4 and R5 are mdependently hydrogen, C1-C6 alkyl, substituted Ci- 
C6 alkyl where Ae substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 
to 3 Cl-ClO alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenoxy, 2- 
furyl. C1-C6 alkqxycarbonyl, S(0)m(Cl-C6 all^l); or R4 and R5 can 
be taken together to form -(CH2)dLa(CH2)e- where La is C(R2)2, 0, 
S(0)m or N(R2), d and e arc independently 1 to 3 and R2 is as defined 
above; 



5 



A is: 



30 




or 
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where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or Cl-C6 alkyl; 

R6 is hydrogen, Ci-C6 alkyl, or (CH2)varyl, wherein the alkyl and 
(CH2)v groups may be optionally substituted by 1-2 0(R2), S(0)mR2, 
lH-tetrazol-5-yl, C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2), 
N(R2)C(0)N(R2)(R2),and wherem aryl is phenyl, pyiidyl, IH-tetrazol- 
5-yl, triazolyl, imidazolyl, thiazolyl, pyrazolyl, thiadiazolyl, imidazolone- 
1-yl, oxadiazolyl, benziniidazol-2-yl, triazolinone-yl, optionaUy 
substituted with Ci-C6 alkyl, C3-C6 cycloalkyl, amino, or hydroxyl; 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, mdolyl. p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C3-C7 
cycloalkyl, N(R2)(R2), C(0)N(R2)(R2); or R7 and R7a can 
independently be joined to one or both of R4 and R5 groups to form 
alkylene bridges between the terminal nitrogen and the alkyl portion of 
the R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms; 
or R7 and R7a can be joined to one another to form a C3-C7 cycloalkyl; 

misO, l,or2; 
nis 1,2, or 3; 
qis 0, 1,2, 3 or 4; 
r is 0, 1, 2, or 3; 
t is 0, 1,2, or 3; 
V is 0, 1, or 2 ; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 
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8. The compound of Claim 7 wherein: 

Rl is selected from the group consisting of: 
Ci-ClO alkyl, aryl (C1-C4 alkyl)-, C3-C6 cycloalkyl (C1-C4 alkyl)-, 
(C1-C4 aIkyl>K-(Cl-C2 alkyl)-, aryl (C0-C2 alkyl)-K-(Cl-C2 alkyl)-, 
and (C3-C7 cycloalkyI)(Co-C2 alkyl)-K-(Cl-C2 alkyl)-, where K is O, 
S(0)m, 0C(0), or C(0)0, and the alkyl groups may be further 
substituted by 1 to 7 halogen, S(0)mR2, 1 to 3 OR2 or C(0)0R2, and 
aryl is phenyl, naphthyl, indolyl, pyridyl, benzimidazolyl, azaindoleyl, 
benzothienyl or benzofuranyl which may be further substituted by 1-2 
C1-C4 alkyl, 1 to 2 halogen, 1 to 2 -OR2, -S(0)mR2, or -C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C4-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is phenyl which is optionally substimted by 1 to 2 C1-C6 alkyl 
groups, 1 to 2 halogen, or 1 to 2 -OR2, and which may be further 
substimted in the ortho position by a substitutent selected from the group 
consisting of: 

-NHSO2CF3, -(CH2)rOR6. -(CH2)rN(R2)(R6), -(CH2)r (R6). 
-(CH2)rC(0)OR2. -(CH2)rC(0)OR6. -(CH2)rOC(0)R2, 
-(CH2)rOC(0)R6, -(CH2)rC(0)R2, -(CH2)rC(0)R6. 
-(CH2)rC(0)N(R2)(R2), -(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 
-(CH2)rN(R2)C(0)R6, -(CH2)rN(R6)C(0)R2. -(CH2)rN(R6)C(0)R6, 
-(CH2)rN(R2)C(0)OR2.-(CH2)rN(R2)C(0)OR6, 
-(CH2)rN(R6)C(0)OR2, -(CH2)rN(R6)C(0)OR6, 
.(CH2)rN(R2)C(0)N(R2)(R6), -(CH2)rN(R2)C(0)N(R2)(R2). 
-(CH2)rN(R6)C(0)N(R2)(R6),(CH2)rN(R2)S02R6, 
-(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2. CH2)rN(R6)S02R6, 
-(CH2)rOC(0)N(R2)(R6). -(CH2)rOC(0)N(R2)(R2), 
-(CH2)rS02N(R2)(R6),-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6 
.(CH2)rS02NHC(0)R2, -(CH2)rS02NHC(0)OR6, 
-(CH2)rS02NHC(0)OR2, -(CH2)rC(0)NHC(0)NR2, 
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-(CH2)rC(0)NHC(0)NR6, -(CH2)rC(0)NHC(0)R2 , 

-(CH2)rCONHC(0)R6,-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, 
-(CH2)rCONHS02N(R2)R2), -(CH2)rCONHS02N(R2)R6), 
-(CH2)rN(R2)S02N(R2)R6), -(CH2)rN(R6)S02N(R2)R6), 
-(CH2)rS(0)mR6, and -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C4 alkyl; 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
-(CH2)qN(R2)C(0)(CH2)taryl,(-CH2)qN(R2)C(0)OR2. 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2, 
-(CH2)qN(R2)C(0)N(R2)(CH2)taryl. -(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2).-(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taiyl, -(CH2)qS(0)mR2. and 
-(CH2)qS(0)m(CH2)taiyl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, CONH2, S(0)inCH3, carboxylate Cl- 
C4 alkyl esters, or tetrazole and the aryl which is phenyl, naphthyl, 
pyridyl or 1-H-tetrazolyl may be optionally substituted by 1 to 2 halogen, 

1 to 2 -OR2. -CONH2, -C(0)0R2, 1 to 3 C1-C4 alkyl. -S(0)mR2, or IH- 
tetrazole-5-yl; 

Y is selected from: hydrogen. Cl-Cg alkyl, (CH2)taryI, -(CH2)q(C5-C6 
cycloalkyl), -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, 
-(CH2)q-K-(CH2)t(C3-C7 cycloalkyl containing O, NR2, or S), and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl). where K is O or S(0)m and 
where the alkyl groups may be optionally substituted by hydroxyl, 
carboxyl, CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl 
and the aryl which is phenyl, naphthyl, pyridyl, l-H-tetrazolyl, thiazolyl, 
imidazolyl, pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl or 
thiopheneyl is optionally substituted by 1 to 3 halogen, 1 to 3 -OR2, 1 to 

2 -N(R2)(R2), -C(0)0R2, -C(0)N(R2)(R2), cyano, 1 to 2 C1-C4 alkyl, 
benzyl, -S(0)mR2. or lH-tetrazol-5-yl; 
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R4 and R5 are independently hydrogen, C1-C6 alkyl,or substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy!, 
S(0)m (C1-C6 alkyl) or phenyl; 

5 R6 is H, C1-C6 alkyl, or (CH2)varyl, wherein the (CH2)v and alkyl 

groups raay be optionally substituted by 1-2 0(R2), S(0)mR2, C(0)0R2, 
C(0)N(R2)(R2) or S02N(R2)(R2), N(R2)C(0)N(R2)(R2), wherein the 
aryl group could be phenyl, pyridyl, lH-tetrazol-5-yl, triazolyl, 
imidazolyl, thiazolyl, oxadiazolyl, pyrazolyl, thiadiazolyl, benzimidazol- 

^ ° 2-yl, optionally substituted with C 1-C6 fHkyli C3-C6 cycloalkyl, amino, 
or hydroxyl; 

A is: 

15 ^7 

(CH2)x-C- 

where x is 0, or 1; 

20 

R7 and R7a are independently hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C5-C7 
cycloalkyl, N(R2)(R2). C(0)N(R2)(R2); or R7 and RVa can 
independently be joined to one of R4 or R5 to form alkylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and Rva can be joined to one 
another to form a C3 cycloalkyl; 

n is 2; 

m IS 0, 1, or 2; 
risO, 1,2, or 3; 
q is 0, 1, 2, or 3; 
t is 0, 1,2, or 3; 
V is 0, 1, or 2, 
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and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



aryl (C1-C3 alkyl)-, (C3-C7 cycloalkyl)(Cl-C3 alkyi)-, and 
aryl (Cq-Ci alkyl)-K-(Ci-C2 alkyl)-, where K is O or S(0)m and aryl is 
specifically phenyl, pyridyl, naphthyl, indolyl, azaindolyl, or 
benzimidazolyl which is optionally substituted by 1-2 C1-C4 alkyl, 1 to 2 
halogen, 1 to 2 OR2, S(0)m R2. or C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NR3a; 

R3 is phenyl optionaUy substituted by 1 to 2 C1-C6 alkyl groups, 1 to 2 
halogen or 1 to 2 OR2, and which may be further substituted in the ortho 
position by a substitutent selected from the group consisting of- 
-NHSO2CF3. -(CH2)rOR6. -(CH2)rN(R2)(R6). -(CH2)r (R6). 
-(CH2)rC(0)OR6. -(CH2)rOC(0)R2. -(CH2)rOC(0)R6 
-(CH2)rC(0)R2, -(CH2)rC(0)R6. -(CH2)rC(0)N(R2)(R2), 
-(CH2)rC(0)N(R2)(R6). -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 
-(CH2)rN(R6)C(0)R2. -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2, 



9. 



The compound of Claim 7 of the formula: 
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-(CH2)rN(R2)C(0)OR6, -(CH2)rN(R6)C(0)OR2. 
-(CH2)rN(R6)C(0)OR6,-(CH2)rN(R2)C(0)N(R2)(R6), 
-(CH2)rN(R2)C(0)N(R2)(R2), -(CH2)rN(R6)C(0)N(R2)(R6), 
(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2 
5 CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 
-(CH2)rOC(0)N(R2)(R2), -(CH2)rS02N(R2)(R6). 

-(CH2)rS02N(R2)(R2).(CH2)rS02NHC(0)R6,-(CH2)rS02NHC(0)R2 
-(CH2)rS02NHC(0)OR6, -(CH2)rS02NHC(0)OR2, 

-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, -(CH2)rS(0)mR6. and 
'° -(CH2)rS(0)mR2; 

R3a is hydrogen, or C1-C4 alkyl; 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
^5 -(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)q N(R2)S02(CH2)taryl. -(CH2)q 
N(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 
-(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2), 
-(CH2)qN(R2)C(0)OR2. -(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2. -(CH2)qC(0)0(CH2)taryl, -(CH2)qOC(0)R2, 
20 -(CH2)qOC(0)(CH2)taryl, -(CH2).qS(0)mR2, and 

-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, -CONH2, -S(0)inCH3, carboxylate 
C1-C4 alkyl esters or tetrazole and aryl is phenyl, napthyl or pyridyl 
which may be further substituted by 1-2 halogen, 1 to 2 OR2, C(0)0R2, 
25 1 to 3 C1-C4 alkyl, S(0)mR2, or lH-tetrazole-5-yl; 

Yis selected from: hydrogen. Cl-Cg alkyl, (CH2)taryl, -(CH2)qC5-C7 
cycloalkyl, -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is S(0)m and where the 
alkyl groups may be optionally substimted by hydroxyl, carboxyl, 
CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl and'atyl is 
specifically phenyl, napthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, 
oxazolyl, isoxazolyl or imidazolyl which may be optionally substituted 
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by 1 to 2 halogen, 1 to 2 0R2, 1 to 2 -N(R2)(R2), -CO(OR2), 1 to 2 Ci- 
C4 alkyl, S(0)mR2, or lH-tetrazol-5-yl; 

R4 and R5 are independently hydrogen, C1-C4 alkyl, substituted C1-C3 
alkyl where the substituents may be 1 to 2 hydroxyl; 

5 

R6 is hydrogen, C1-C6 alkyl or (CH2)varyl, wherein the C1-C6 alkyl and 
the (CH2)Varyl groups may be optionally substituted by 1-2 0(R2), 
S(0)mR2. C(0)0R2, C(0)N(R2)(R2) or S02N(R2)(R2). 
N(R2)C(0)N(R2)(R2), wherein aiyl is specificaUy phenyl, pyridyl, IH- 
° tetrazol-5-yl, triazolyl, imidazolyl, thiazolyl, oxadiazolyl, pyrazolyl, 
thiadiazolyl, benzimidazol-2-yl, optionally substituted with C1-C6 alkyl, 
C3-C6 cycloalkyl, amino, or hydroxyl; 

A is: 

15 



20 wherexisO, or 1; 

R? and R7a are independently hydrogen, C1-C2 alkyl, phenyl, substituted 
C1-C6 alkyl wherein the substitutent is imidazolyl, phenyl, indolyl, p 
hydroxyphenyl, OR2, S(0)mR2; or R7 and R7a can be independently be 
25 joined to one another to form a C3 cycloalkyl; 

mis 0, 1, or 2; 
r is 0, 1, 2, or 3; 
qis 0, 1,2, or 3; 
30 t is 0, 1,2, or 3; 
vis 0, 1, or 2; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



(CH2)x-C— 
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10. The compound of Claim 7 of the formula: 
H H 

Ri-c-»n-c-a-n: * 

' Re 

c=o O ^ 

,X 
Y 

R3 

Formula BIc 

10 wherein: 

Rl is selected from the group consisting of: 




15 " H 



MeO-r 




H Z ^ N 



,CHo- 



H 
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or their regioisomers where not specified; 

R2 is hydrogen. C1-C6 alkyl, or C3-C7 cycloalkyl and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally including oxygen, sulfur or NRsa; 

RS is phenyl optionally substitated in the ortho position with a 

substitutent selected from the group consisting of: 
-NHSO2CF3, -(CH2)rOR6, -(CH2)r (R6). -(CH2)rC(0)OR2, 

-(CH2)rC(0)OR6, -(CH2)rOC(0)R2. -(CH2)rOC(0)R6. 
^ ° -(CH2)rC(0)R2, -(CH2)rC(0)R6, -(CH2)rC(0)N(R2)(R2). 

-(CH2)rC(0)N(R2)(R6), -(CH2)rN(R2)C(0)R2 -(CH2)rN(R2)C(0)R6, 

-(CH2)rN(R6)C(0)R2, -(CH2)rN(R6)C(0)R6, -(CH2)rN(R2)C(0)OR2, 

-(CH2)rN(R2)C(0)OR6. -(CH2)rN(R6)C(0)OR2, 

-(CH2)rN(R6)C(0)OR6, -(CH2)rN(R2)C(0)N(R2)(R6). 
^= -(CH2)rN(R2)C(0)N(R2)(R2), -(CH2)rN(R6)C(0)N(R2)(R6). 

(CH2)rN(R2)S02R6, -(CH2)rN(R2)S02R2, -(CH2)rN(R6)S02R2 

CH2)rN(R6)S02R6, -(CH2)rOC(0)N(R2)(R6), 

-(CH2)rQC(0)N(R2)(R2),-(CH2)rS02N(R2)(R6), 

-(CH2)rS02N(R2)(R2),(CH2)rS02NHC(0)R6, -(CH2)rS02NHC(0)R2 
2° -(CH2)rS02NHC(0)OR6. -(CH2)rS02NHC(0)OR2. 

-(CH2)rCONHS02R6,-(CH2)rCONHS02R2, -(CH2)rS(0)mR6, and 
-(CH2)rS(0)mR2; 

RSa is hydrogen, or C1-C4 alkyl; 

25 



30 
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X is selected from the group consisting of: hydrogen, 

O O O O CH 

A— CH3 A^^^CH3 Ah 
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Y is selected from the group consisting of: 

hydrogen, Ci-Cg alkyl, (CH2)taryl, -(CH2)q C5-C7 cycloalkyl, -(CH2)q- 
K-(Cl-C6 alkyl), -(CH2)q-K.(CH2)taryl, or -(CH2)q-K-(CH2)t (C5-C6 
cycloalkyl) where K is S(0)m and where the alkyl groups may be 

5 optionally substituted by hydroxyl, carboxyl, CONH2, caiboxylate Ci- 
C4 alkyl esters or lH-tetrazole-5-yl, and where aryl is specifically 
phenyl, naphthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, oxazolyl, 
isoxazolyl, thiadiazolyl, pyrimidinyl, or imidazolyl, which may be 
optionally substitated by 1 to 2 halogen, 1 to 2 OR2, CO(OR2), 1 to 2 

10 C1-C4 alkyl, S(0)mR2 or lH-tetrazol-5-yl; 

A is selected from the group consisting of: 



15 



20 



H3C CH3H3C CH3 CHa ^CH3H3C CH3 

1-^/ ^^>y v^/ vV xrv 



H,C, 



CH3 




R4 and R5 are independently selected from the group consisting of: 

25 -H -CH3 -CH2CH3 ^^^CH3 /-v^CHgOH 

OH OH 

R6 is hydrogen, C1-C6 alkyl or (CH2)varyl wherein the alkyl and 
(CH2)v groups may be optionally substituted by halogen, OR2, 
N(R2)(R2), C3-C6 cycloalkyl, lH-tetrazol-5-yl, C(0)0R2, 
30 C(0)N(R2)(R2), S02N(R2)(R2) or N(R2)C(0)N(R2)(R2), wherein aryl 
is selected from the following aromatic groups and their regioisomers: 
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^'\NH -{=) -^Vo 

H • 




N 



S-N 



0-N N-N , 0-N , 

where the aromatic groups are optionally substituted with C1-C2 alkyl, 
2 0 -N(R2)(R2), or hydroxy; 

m is 0, 1, or 2; 
risO. 1,2, or 3; 
qisOorl; 
25 tisOorl; 
visOor 1; 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 

30 
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of the fonnula: 



-388- 

The stereospecifically defined compound of Claim 7 

H H 0 R . 
N-C-A-N 



C=0 



R3 Y 

1 0 wherein Ri , R3, R4, Rs, A, X, Y, and n are as defined in Claim 7. 

12. The compomid of Claim 7 which is selected from the 
group consisting of: 



15 



20 
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5 




10 

CIS di,gisd2 CIS di,£igd2 

and their pharmaceutically acceptable salts and individual diastereomers 
thereof where not otherwise specified. 

15 



20 



25 
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13. A compound of the formula: 



H H O 

+ 1 II 
N-C-A-N 




C=0 
I 





Formula CI 



wherein: 

Rl is selected j5:om the group consisting of: 

Cl-Cio alkyl, aryl, aryl(Ci-C6 alkyl), (C3-C7 cycloalkyl)(Ci-C6 alkyl)-, 
(C1-C5 alkyl)-K-(Cl-C5 alkyl)-, aryl(Co-C5 alkyl)-K-(Cl-C5 alkyl)-, 

15 and (C3-C7 cycloalkyl)(C0-C5 alkyl)-K-(Cl-C5 alkyl)-, where K is O, 
S(0)m. N(R2)C(0), C(0)N(R2), 0C(0), C(0)0, -CR2=CR2-. or -C^-. 
where aryl is selected from: phenyl, naphthyl, indolyl, azaindole, 
pyridyl, benzothienyl, benzofiiranyl, thiazolyl, and benzimidazolyl, and 
R2 and alkyl may be furdier substituted by 1 to 9 halogen, S(0)mR2a. 1 

20 to 3 of 0R2a or C(0)0R2a, and aryl may be further substituted by 1 to 3 
of C1-C6 alkyl, 1 to 3 of halogen, 1 to 2 of OR2, methylenedioxy, 
-S(0)mR2, 1 to 2 of -CF3, -OCI^, nitro, -N(R2)C(0)(R2), -C(0)0R2, 
-C(0)N(R2)(R2). -lH-tetrazol-5-yl. -S02N(R2)(R2), -N(R2)S02 phenyl, 
or-N(R2)S02R2; 

25 

R2 is selected from: hydrogen, C1-C6 alkyl, and C3-C7 cycloalkyl, and 
where two C1-C6 alkyl groups are present on one atom, they may be 
optionaUy joined to form a C3-C8 cycUc ring, optionally including 
oxygen, sulfur or NRSa, where R3a is hydrogen, or C1-C6 alkyl, 
30 optionally substituted by hydroxyl; 

R2a is hydrogen, or C1-C6 alkyl optionally substituted by hydroxyl; 



X is selected from: hydrogen, -C^N, -(CH2)qN(R2)C(0)R2, 

-(CH2)qN(R2)C(0)(CH2)taryl,-(CH2)qN(R2)S02(CH2)taryl, 

-(CH2)qN(R2)S02R2.-(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 
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-(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(CH2)taryl, -(CH2)qC(0)OR2, 
-(CH2)qC(0)0(CH2)taryl, -(CH2)qOR2, -(CH2)qOC(0)R2. 
-(CH2)qOC(0)(CH2)taryl, -(CH2)qOC(0)N(R2)(CH2)taryl, 
-(CH2)qOC(0)N(R2)(R2). -(CH2)qC(0)R2, -(CH2)qC(0)(CH2)taryl, 
-(CH2)qN(R2)C(0)OR2,-(CH2)qN(R2)S02N(R2)(R2), 
-(CH2)qS(0)mR2, and -(CH2)qS(0)m(CH2)taryl, where an R2, (CH2)q 
and (CH2)t group may be optionally substituted by 1 to 2 C1-C4 alkyl, 
hydroxyl, C1-C4 lower alkoxy, carboxyl, CONH2, S(0)niCH3, 
carboxylate C1-C4 alkyl esters, or lH-tetrazol-5-yl, and aryl is phenyl, 
naphthyl, pyridyl, thiazolyl, or lH-tetrazol-5-yl groups which may be 
optionally substimted by 1 to 3 halogen, 1 to 3 -OR2, -CON(R2)(R2), 
-C(0)0R2, 1 to 3 C1-C4 alkyl. -S(0)mR2. or lH-tetrazol-5-yl; 

Y is selected from: hydrogen, Ci-Cio alkyl, -(CH2)taryl, 
-(CH2)q(C3-C7 cycloalkyl), -(CH2)q-K-(Cl-C6 alkyl), 
-(CH2)q-K-(CH2)taryl, -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl 
containing O. NR2, S), and -(CH2)q-K-(CH2)t(C3-C7 cycloalkyl), where 
K is O, S(0)m, C(0)NR2, CH=CH, C^, N(R2)C(0), C(0)NR2, C(0)0, 
or 0C(0), and where the alkyl, R2, (CH2)q and (CH2)t groups may be 
optionally substituted by C1-C4 alkyl, hydroxyl, C1-C4 lower alkoxy, 
caiboxyl, -CONH2 or caiboxylate C1-C4 alkyl esters, and aryl is phenyl, 
naphthyl, pyridyl, l-H-teti^l-5-yl, thiazolyl, imidazolyl, indolyl, 
pyrimidmyl, thiadiazolyl, pyrazolyl, oxazolyl, isoxazolyl, thiopheneyl, 
quinolinyl, pyrazinyl, or isothiazolyl which is optionally substimted by 1 
to 3 halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), nitro, cyano, 
benzyl, 1 to 3 C1-C4 alkyl, -S(0)mR2, or lH-teti:azol-5-yl, witii the 
proviso that if X is hydrogen, Y is other than hydrogen; 



0 
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R4 and R5 are independently hydrogen, C1-C6 alkyl, or substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxy, 1 to 3 
Cl-Cio alkanoyloxy, 1 to 3 C1-C6 alkoxy, phenyl, phenyloxy, 2-furyl, 
C1-C6 alkoxycarbonyl, S(0)m(Cl-C6 alkyl), or R4 and R5 may be taken 
together to form -(CH2)d-La(CH2)e- where La is -C(R2)2-, O, S(0)m or 
N(R2), d and e are independently 1 to 3 and R2 is as defined above; 

A is: 

— (CH2)x-C-(CH2)j^ or — 2-(CH2)x-C-(CH2)— 

where x and y are independently 0, 1, 2 or 3; 

Z is N-R6a or O, where R6a is hydrogen or C1-C6 alkyl; 

R? and R7a are independendy hydrogen, C1-C6 alkyl, trifluoromethyl, 
phenyl, or substituted C1-C6 alkyl where the substituents are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)OR2, C3-C7 
cycloalkyl, N(R2)(R2), C(0)N(R2)(R2), or R7 and R7a may 
independently be joined to one or both of R4 and R5 groups to form an 
alkylene bridge between the terminal nitrogen and the alkyl portion of the 
R7 or R7a groups, wherein the bridge contains 1 to 5 carbons atoms, or 
R7 and R7a can be joined to one another to form C3-C7 cycloalkyl; 

mis 0, 1, or 2; 
n is 1, 2, or 3; 
qis 0, 1,2, 3, or 4; 
t is 0, 1, 2, or 3; 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 
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14. The compound of Claim 13 wherein: 
Rl is selected from the group consisting of: 
Cl-ClO alkyl, aiyl (C1-C4 alkyl)-. C3-C6 cycloalkyl (C1-C4 alkyl)-, 
(C1-C4 alkyl)-K-(Cl-C2 alkyl)-, aryl (C0-C2 alkyl)-K-(Ci-C2 alkyl)-. 
and (C3-C7 cycloalkyl)(Co-C2 alkyl)-K-(Ci-C2 alkyl)-. where K is O. 
S(0)m, 0C(0), or C(0)0, and the alkyl groups may be further 
substituted by 1 to 7 halogen, S(0)mR2. 1 to 3 OR2 or C(0)0R2, and 
aryl is phenyl, naphthyl, indolyl, pyridyl, benzimidazolyl, azaindoleyl, 
benzothienyl or benzofiiranyl which may be further substituted by 1-2 
C1-C4 alkyl, 1 to 2 halogen, 1 to 2 -OR2, -S(0)mR2. or -C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl. and where two C1-C6 
alkyl groups are present on one atom they may be optionally joined to 
form a C4-C7 cyclic ring optionally including oxygen, sulfur or NRSa; 
RSa is hydrogen, or C1-C4 alkyl; 

X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2. 
-(CH2)qN(R2)C(0)(CH2)taryl,.(CH2)qN(R2)C(0)OR2, 
-(CH2)qN(R2)S02(CH2)taryl, -(CH2)qN(R2)S02R2, 
-(CH2)qN(R2)C(0)N(R2)(CH2)taryl, -(CH2)qN(R2)C(0)N(R2)(R2), 
-(CH2)qC(0)N(R2)(R2), -(CH2)qC(0)N(R2)(CH2)taryl. 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl. -(CH2)qOC(0)R2, 
-(CH2)qOC(0)(CH2)taiyl. -(CH2)qS(0)mR2, and 
-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, CONH2, S(0)inCH3, carboxylate Ci- 
C4 alkyl esters, or tetrazole, and aryl is phenyl, naphthyl, pyridyl or 1-H- 
tetrazolyl which may be optionally substituted by 1 to 2 halogen, 1 to 2 
-OR2. -CONH2, -C(0)OR2, 1 to 3 C1-C4 alkyl, -S(0)mR2, or IH- 
tetrazole-S-yl; 

Y is selected from: hydrogen, Cl-Cg alkyl, (CH2)taryl, -(CH2)q(C5-C6 
cycloalkyl). -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl. 
-(CH2)q-K-(CH2)t(C3-C7 cycloalkyl containing O, NR2, orS), and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is O or S(0)m and 
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where the alkyl groups may be optionally substituted by hydroxy!, 
caiboxyi;CONH2, carboxylate C1-C4 skyl esters or lH-tetrazole-5-yl 
and aiyl is phenyl, naphthyl, pyridyl, 1-H-tetrazolyl, thiazolyl, 
imidazolyl, indolyl, pyrimidinyl, thiadiazolyl, pyrazolyl, oxazolyl, 
isoxazolyl, or thiopheneyl which is optionally substituted by 1 to 3 
halogen, 1 to 3 -OR2, -C(0)0R2, -C(0)N(R2)(R2), cyano, 1 to 2 C1-C4 
alkyl, benzyl, -S(0)mR2, or lH-tetrazol-5-yl, with the proviso that if X is 
hydrogen, Y is other than hydrogen; 

R4 and R5 are independently hydrogen, C1-C6 alkyl, or substituted Cl- 
C6 alkyl where the substituents may be 1 to 5 halo, 1 to 3 hydroxyl, 
S(0)m (C1-C6 alkyl) or phenyl; 



15 



20 



25 



30 



A is: 

(CH2)*-C— 
R7a 

where X is 0, or 1; 

R7 and R7a are independentiy hydrogen C1-C6 alkyl, trifluoromethyl, 
phenyl, substituted C1-C6 alkyl where the substiments are imidazolyl, 
phenyl, indolyl, p-hydroxyphenyl, OR2, S(0)mR2, C(0)0R2, C5-C7 
cycloalkyl, -N(R2)(R2), -C(0)N(R2)(R2); or R7 and Rva can 
independentiy be joined to one of R4 or R5 to form alkylene bridges 
between the terminal nitrogen and the alkyl portion of R7 or R7a groups 
to form 5 or 6 membered rings; or R7 and Rva can be joined to one 
anoth^ to form a C3 cycloalkyl; 

n is 2; 

mis 0,1, or 2; 
q is 0, 1, 2, or 3; 
tis 0, 1,2, or 3; 

and pharmaceutically acceptable salts and individual diastereomers 
thereof. 
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15. The compound of Claim 13 of the formula: 
Ri—C-N-C-A-N^ 



C=0 O ^5 

I 



X 
Y 



10 Fonnula Clb 

wherein: 

Rl is selected from the group consisting of: Ci-Cio alkyl, 
aryl (C1-C3 alkyl)-. (C3-C7 cycloalkyl)(Cl-C3 alkyl)-, and 
aryl (Cq-Ci alkyl)-K-(Ci-C2 alkyl)-, where K is O or S(0)m and the aryl 
15 is phenyl, pyridyl, naph%l, indolyl, azaindolyl, or benzunidazolyl 

which is optionally substituted by 1-2 C1-C4 alkyl, 1 to 2 halogen, 1 to 2 
OR2, S(0)m R2, or C(0)0R2; 

R2 is hydrogen, C1-C6 alkyl, or C3-C7 cycloalkyl, and where two C1-C6 
20 alkyl groups are present on one atom they may be optionally joined to 
form a C5-C7 cyclic ring optionally includmg oxygen, sulfur or NR3a; 
R3a is hydrogen, or C1-C4 alkyl; 



X is selected from: hydrogen, -(CH2)qN(R2)C(0)R2, 
25 -(CH2)qN(R2)C(0)(CH2)taryl, -(CH2)q N(R2)S02(CH2)taryl, -(CH2)q 
N(R2)S02R2, -(CH2)qN(R2)C(0)N(R2)(CH2)taryl, 
-(CH2)qN(R2)C(0)N(R2)(R2), -(CH2)qC(0)N(R2)(R2), 
-(CH2)qN(R2)C(0)OR2. -(CH2)qC(0)N(R2)(CH2)taryl, 
-(CH2)qC(0)OR2, -(CH2)qC(0)0(CH2)taryl, -(CH2)qQC(0)R2. 
30 -(CH2)qOC(0)(CH2)taryl, -(CH2)qS(0)mR2, and 

-(CH2)qS(0)m(CH2)taryl, where an R2 group may be optionally 
substituted by hydroxyl, carboxyl, -CONH2, -S(0)mCH3, carboxylate 
C1-C4 alkyl esters or tetrazole and aryl is phenyl, naphthyl or pyridyl 
which may be further substituted by 1-2 halogen, 1 to 2 OR2, C(0)0R2, 
1 to 3 C1-C4 alkyl, S(0)mR2, or lH-tetrazole-5-yl; 
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Y is selected from: hydrogen, Cl-Cg alkyl, (CH2)taryl, -(CH2)q C5-C7 
cycloalkyl, -(CH2)q-K-(Cl-C6 alkyl), -(CH2)q-K-(CH2)taryl, and 
-(CH2)q-K-(CH2)t (C5-C6 cycloalkyl), where K is S(0)m and where the 
alkyl groups may be optionally substituted by hydroxyl, carboxyl, 
CONH2, carboxylate C1-C4 alkyl esters or lH-tetrazole-5-yl and aryl is 
phenyl, napthyl, pyridyl, thiazolyl, thiopheneyl, pyrazolyl, oxazolyl, 
isoxazolyl or imidazolyl which may be optionally substituted by 1 to 2 
halogen, 1 to 2 OR2. 1 to 2 -N(R2)(R2). C0(0R2), 1 to 2 C1-C4 alkyl, 
S(0)mR2, or lH-tetrazol-5-yl, with the proviso that if X is hydrogen, Y 
is other than hydrogen; 

R4 and R5 are independently hydrogen, Cl-Gj alkyl, or substituted Cl- 
C3 alkyl where the substituents may be 1 to 2 hydroxyl; 



T7 

(CH2)x-C— 

20 

wherexisO, or 1; 

R7 and R7a are independently hydrogen. C1-C6 alkyl, phenyl, substituted 
C1-C6 alky wherein the substitutent is imidixolyl, phenyl, indolyl, p- 
25 hydroxyphenyl, OR2, S(0)mR2, or R7 and Rva may be joined to one 
another to form a C3 cycloalkyl; 

mis 0, 1, or 2; 
qis 0, 1,2, or 3; 
30 t is 0, 1,2, or 3; 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 
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16. The compound of Claim 13 of the formula: 
^ ^ R 

C=0 O ' 

6; 



Formula CIc 

wherein: 

10 Rl is selected from the group consisting of: 




or their regioisomers where not specified; 
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X is selected from the group consisting of: hydrogen, 

9 9 9 O CH3 

59 o O 

o 9H3 o o 
9 9 9 o CH3 



15 



20 



30 



00 o 

k^O -HN — -HN N 



-NH 

CH 



^\0H, -oKrS -HN-^O-^"' 



CH, 
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Y is selected from the group consisting of: hydrogen, 




X is hydrogen, Y is other than hydrogen; 
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A is selected from the group consisting of: 

H3C CH3H3C CH3 



CH3 H3Cv^CH3 



y ' 'O/ vv 



CH, 



,CH, 



10 



R4 and R5 are independently selected from the group consisting of: 



H ~CH3 ~~CH2CH3 



15 



OH 



OH 



.CH2OH 



and pharmaceutically acceptable salts and individual diastereomers 
thereof. 



20 17. The stereospecifrcally defined compound of Claim 1 3 

of the formula: 

H H O R . 

= I II ,"4 



25 



Ri— ]— N-C-A-N 
C=0 R5 



(CH2), 



30 



wherein Rl, R4, R5, A, X, Y, and n are as defined in Claim 13. 
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5 




1 0 and their pharaiaceutically acceptable salts and individual diastereomers 
thereof where not otherwise specified. 



15 



20 



25 



30 
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19. A composition useful for increasing the endogenous 
production or release of growth hormone in a human or an animal which 
comprises an inert carrier and an effective amount of a compound of 
Claim 1. 

20. A composition useful for increasing the endogenous 
production or release of growth hormone in a human or an animal which 
comprises an inert carrier, an effective amount of a compound of 
Claim 1, and an additional growth hormone secretagogue. 

21 . The composition of Claim 20 wherein the additional 
growth hormone secretagogue is selected from the group consisting of: 
growth hormone releasing peptide GHRP-6; growth hormone releasing 
peptide GHRP-2; growth hormone releasing peptide GHRP-1; B-HT920; 
growth hormone releasing factor; an analog of growth hormone releasing 
factor; IGF-1 andIGF-2. 



20 



25 



22. A composition useful for the treatment of osteoporosis 
which comprises a combination of a bisphosphonate compound and a 
compound of Claim 1. 

23. The composition of Claim 22 wherein the 
bisphosphonate compound is alendronate. 

24. A method for increasing levels of endogenous growth 
hormone in a human or an animal which comprises administering to such 
human or animal an effective amount of a compound of Claim 1 . 



25. A method for increasing feed efficiency, promoting 
growth, increasing milk production and improving the carcass quality of 
livestock which comprises administering to such livestock an effective 
amount of a compound of Claim 1. 
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26. A method of treating or preventing a condition • 
selected from the group consisting of: osteoporosis; catabolic illness; 
immune deficiency, including that in individuals with a depressed 74/18 

cell ratio; hip fracture; musculoskeletal impairment in the elderly; growth 
hormone deficiency in adults or in children; obesity; cachexia and protein 
loss due to chronic illness such as AIDS or cancer; and treating patients 
recovering from major surgery, wounds or bums, in a patient in need 
thereof which comprises the administration to the patient of an effective 
amount of the compound of Claim 1. 

27. A method for the treatment of osteoporosis which 
comprises administering to a patient with osteoporosis a combination of a 
bisphosphonate compound and a compound of Claim 1. 

28. The method of Claim 27 wherein the bisphosphonate 
compound is alendronate. 



20 



25 



30 



0 



4 
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10 



15 



20 



25 



29. A process for the preparation of a compound of 
Claim 1 which comprises reacting a compound of the formula: 



H H 
-N-H 



C=0 



Rg ^ Y 

4 



with a compound of the formula: 

O R 
HO-C-A-N 



or 



to give a compound of the formula: 



H H O 

Ri— |— N-C-A-N 

C=0 I 
I 



R4 



9 L 
HO-C-A-ISl 

6 



H H O I 

+ 1 II y- 
N-C-A-N 

C=0 R5 



or 



> 

R3 ^ Y 



(CH,iJy^ 

R3 Y 
7 



30 



where Rl, R3, R4, R5, A, W, X, Y and n are as defined in Claim 1 and L 
is a protecting group which is subsequently removed if present and salts 
are formed if desired. 
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30. A process for the preparation of a compound of Claim 
1 which comprises reacting a compound of the formula: 

HHO R4 HHO L 



I II 



Ri— |— N-C-A-N-R5 Ri N-C-A-N-Rg 



t II I 



COOH or COOH 



12 



with a compound of the formula: 

(CH2)nY 



12a 



R32 Y 



15 to give a compound of the formula: 



HHOr^ HHOi 

I II ,"4 I II 



Ri— |— N-C-A-N Ri— |— N-C-A-N 
C=0 R5 C=0 Rs 



20 



(CHj„y" (CH2)„y 

R3 Y R3 Y 

' 7 

25 where Ri, R3, R4, R5, A, W, X, Y and n are as defined in Claim 1 and L 
is a protecting group which is subsequentiy removed if present and salts 
are formed if desired. 



30 
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